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Primary Flow Elements Meet Every 
Flow Measurement Requirement! 
There is only one best differential 
producer to suit your particular needs. 
Top efficiency and economy depend 
upon a proper analysis of head loss, 
coefficient, recovery angles, and effects 
of upstream piping. Enduring accuracy 
is determined by the construction 
materials, design characteristics, and 
process requirements. 

B-I-F’s research laboratory draws from 
the most comprehensive compilation of 
flow data available anywhere to recom- 
mend the exact differential producer 
you need. Regardless of how difficult 
your mainline metering problem, 

B-I-F has the answer! 

There is only one complete source of 
differential producers. For full details 
on tailor-made metering with 
standardized units, write .. . 

B-I-F Industries, Inc., Utilities Sales, 
368 Harris Ave., Providence 1, R. I. 
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Model “A'’ BARMINUTOR®™ Screening and Comminut- Model “B" BARMINUTOR®™ Screening and Comminut- 
ing Machine. .. for use in rectangular channel sections 4 to ing Machine... for use in rectangular channel sections 1 
12 feet wide... sized for flows of 10 MGD and upwards. to 3 feet wide... sized for flows of .09 to 15 MGD. 


0 Lower Cost, More Flexible Comminution 
with BARMINUTOR Comminuting Machines 


A Development of More Than 25 Years Successful 
Comminutor Experience 


The BARMINUTOR* Screening and Comminuting Machine provides 
continuous, complete, automatic comminution ... at lower operating 
and maintenance cost than any similar device available today. 


The BARMINUTOR® was developed to provide greater flexibility and 
wide application of comminution...developed from the original 
“Chicago” COMMINUTOR,”* proven highly successful in thousands 
of installations. 


BARMINUTOR® Screening and Comminuting Machines eliminate 
unsightliness, nuisance and odor by continuously and automatically 
screening and cutting coarse sewage material without removal from the 
flow. Power requirements are lower than that required for mechanically 
— . raised screens and grinders. Manual attention is needed only for 
“Chicago” COMMINUTOR®* Screening and periodic inspection and lubrication. 

Comminuting Machine... for use in hydrau- 


lically designed feeder basin... sized for flows 


of .175 to 25 MGD per machine. Complete details are available from Chicago Pump Company 


* A trademark of Chicogo Pump Compony Distributors located in most principal cities. 


Putting Ideas to Work 


We FOOD MACHINERY AND CHEMICAL CORPORATION 
Chicago Pump Company 


AND CHEMICAL 


622 DIVERSEY PARKWAY . CHICAGO 14, ILLINOIS 


© 1958—Chicago Pump Company 
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Above are the aeration tanks at Pontiac, Michigan 
equipped with P.F.T. Valved-Orifices for air diffusion. 
Note the uniform aeration pattern. At the left is a close- 


up of P.F.T.’s stainless steel Valved-Orifice. 


PROBLEM: Plugged diffusers at Pontiac, Michigan 
SOLUTION: P.F.T. stainless steel Valved-Orifices 


The high iron content and the hardness of 
the water in Pontiac, Michigan presented 
an acute air diffuser clogging problem. 

The air diffusers required so frequent 
cleaning that these operations were prac- 
tically continuous. In conjunction with the 
city and Jones, Henry and Williams. the 
Consulting Engineers, tests were made and 
a number of different air diffusers were 
tried. P.F.T.’s Valved-Orifices of corrosion- 
proof stainless steel have solved Pontiac’s 
problem. They have been in operation with- 
out service for over 2 years. 

This unique P.F.T. Orifice seats automat- 
ically when air pressure is turned off, keep- 
ing aeration piping and the rest of the 


PORT CHESTER, N.Y. SAN MATEO, CALIF 


CHARLOTTE, N.C. © JACKSONVILLE @ 


system free from contamination. Wide air 
dispersal and relatively small bubble size 
is achieved with P.F.T.’s Valved-Orifices. 
Specialized equipment and appurte- 
nances for a complete aeration system were 
supplied by P.F.T. Perhaps we can be of 
assistance to you; we invite your inquiry. 


waste treatment equipment 
exclusively since 1893 


PACIFIC FLUSH TANK CO. 


424) Ravenswood Avenue, 
Chicago 13, IIlinois 
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A customer in Schenectady, N. Y., loads the trunk of his 
car with bags of “Orgro,’’ the Flash Dried digested sludge 
produced at the City’s Treatment Plant. If you would like 
to know more about the Schenectady operation, drop a 
line to the Raymond Division, New York, at the address 
shown below. 


Can you think of a better way 
to dispose of sewage sludge? 


At first glance, the trunk of a car may seem to be a 
peculiar place to deposit sewage sludge. But when the 
sludge is dry, sterile and neatly packaged, it can be a 
marketable commodity rather than a bothersome waste. 
When uncontaminated with noxious industrial 
materials, it is an excellent soil conditioner. Its sale 
produces revenue for the treatment plant, eliminates 
the nuisances of drying beds, lagoons and 

ash disposal and, at the same time, renders a service 
~ to the people of the community. 


What's the best method of drying sludge? 


It’s the C-E Raymond Flash Drying System, a system used by com- 
munities large and small across the nation, a system proved in service 
and one which dries more filter cake than all other systems combined. 


COMBUSTION ENGINEERING 


RAYMOND DIVISION, 1315 North Branch Street, Chicago 22, Illinois 
Eastern Office: 200 Madison Avenue, New York 16, N. Y. 
Western Office: 510 West Sixth Street, Los Angeles 14, Cal. C-159A 
Canada: Combustion Engi ing-S heater Ltd. 


ALSO FLASH DRYING AND INCINERATION SYSTEMS FOR INDUSTRIAL WASTE DISPOSAL 
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SIMPLEX PUTS ON THE SQUEEZE 


to give you accurate control 


over sludge flow 


You can forget control problems—even 
with heavy viscous fluids — with the 
Simplex Squeeze Type Sludge Con- 
troller. Key to the accurate control you 
get is the automatically operated rub- 
ber flex valve. 

And behind the operation of this 
controller you'll find a Simplex Meter 
that gets its signals from flow through 
the venturi section of the tube. 

By an automatic system of solenoids, 
relays, gear mechanism and reversible 
motor, the rubber flex valve opens or 
closes to maintain flow at the level 


which you have previously selected. 

You can set rate of flow between 
85% of maximum and 15% of mini- 
+3%. 
Controllers of this type are available 


mum with accuracy within 
for line sizes ranging from 3 to 12 
inches, to handle maximum flows of 
250,000 GPD to 6 million GPD. 
With you providing the facts on line 
size, type and nature of fluid, working 
pressures, and installation dimensions, 
we'll recommend the controller best 
suited to your needs. Or write for a 


detailed brochure, Dept. SI-49. 


SIMPLEX 


VALVE AND METER COMPANY 


LANCASTER, 


PENNSYLVANIA 


A subsidiary of PFAUDLER_PERMUTIT INC. 
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MEMBER ASSOCIATION MEETINGS 


Association Place 


Virginia Industrial Wastes and Sewage The Mimslyn 
Works Assn. Luray, Va. 


Arizona Sewage and Water Works Assn. Hi-Way House Hotel 
Phoenix, Ariz. 


Kansas Sewage and Industrial Wastes Assn. Besse Hotel 
(Change in Location) Pittsburg, Kans. 


California Sewage and Industrial Wastes Lafayette Hotel 
Assn. Long Beach, Calif. May 2, 1959 


Michigan Sewage and Industrial Wastes Wenonah Hotel 3, 1959 


Assn, Bay City, Mich. 


Alabama Water and Sewage Assn. University of Alabama 


University, Ala. 


Maryland-Delaware Water and Sewage Assn. Commander Hotel 


Ocean City, Md. 


ew York Sewage and Industrial Wastes Saranac Inn 
Assn. 


Upper Saranac Lake, 
(Spring Vertina 


Ohio Sewage and Industrial Wastes Netherlands Plaza June 
Treatment Conf. Cineinnati, Ohio 


Towa Sewage and Industrial Wastes Assn. Roosevelt Hotel June 17-19, 1959 
Cedar Rapids, Iowa 


THIRTY-SECOND ANNUAL MEETING 


Federation of Sewage and Industrial Wastes Associations 
Host—Sewage and Industrial Wastes Section, 
Texas Water and Sewage Works Association 

Statler Hilton Hotel, Dallas, Texas 


Technical Meetings and Exhibits—Dallas Memorial Auditorium 
October 12-15, 1959 
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AERO- 


ACCELATOR™ \ 


ment plant for 


ai small communities, 


we motels, industrial plants 
all and institutions. 


installed for Summit Park Sanitorium 


The Summit Park Sanitorium at Pomona, New York, has installed another 
“AERO-ACCELATOR” activated sludge plant to handle its increased need for 
sewage treatment. The selection was based on five years performance of the first 
unit with consistently good treatment, and low operating and maintenance costs. 
This type of plant will provide 90-957 B.O.D. and suspended solids removal. 
As a plus value, it will afford substantial savings in space and in the cost of 
installation because of its compact design, 

“AERO-ACCELATOR” plants, described in Bulletin 6510, can be custom-designed 
for all municipal and industrial requirements regardless of capacity. It will pay 
you to investigate. 


SEE YOUR CONSULTING ENGINEER if you are planning any installation. 


His services are essential for the design of the plant and selection of equipment 
that will best meet your requirements. 


INFILCO Inc., General Offices + Tucson, Arizona 
Field offices throughout the United States 
and in other countries 
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Effluent and Water Treatment Tanks 


Comparable i 


Steel. 


Stebbins SemTiLe and SemBLock® 
tanks are, in effect, reinforced con- 
crete structures faced on both sides 
with vitrified tile. No form work is 
required. Contours and dimensions 
can be varied to fit all types of 
specialized equipment. 


.No Continuing 


n Cost to Co 


Maintenance 


Installations can be made under a 
contract which covers everything 
from the original design, based on 
full knowledge of the chemical, 
physical and mechanical require- 
ments, to the finished job ready 
for use. 


Write for complete information 


i 

{ | r is 
Glazed Tile 
sistanc 
rosion Ke 
omplete Cor 
ncrete OF 
i 
4 

ore pecialists in Design, Installation and Servicing of Liningsand TileTanks : 
x 4 
th 


SEWAGE AND INDUSTRIAL WASTES 


Designed-in at Decatur 


Maximum efficiency 


The new Decatur, Indiana, trickling fil- 
ter sewage treatment plant clearly illus- 
trates how careful planning can produce 
a plant that is a model of compactness, 
neat arrangement and efficient operation. 
Rectangular channels and tanks were 
arranged so as to permit maximum use of 
common walls for compactness and 
greatest construction economies. 

As the illustrations show, grit chan- 
nels...primary tanks...final tanks... re- 
aeration tanks...and chlorination tank 
are all neatly grouped, with common 
walls providing maximum efficiency in 
minimum space. The tanks are so ar- 
ranged that expansion of facilities can 
be easily accomplished. 

To translate compactness into efficient 
performance, CHAIN Belt modern waste 
treatment equipment was selected for 
both primary and final treatment stages. 
A Rex Chain and Bucket Type Grit Col- 
lector, installed in a 2’6” wide x 42'6’ 
long x 4’ deep channel, provides effec- 
tive removal of inorganic solids. A chan- 
nel for future expansion was also con- 


Plant Superintendent, Ralph E. Roop; 
c Iting Engineers, C Townsend & 
Associates, Chicago. 


in minimum space 


structed (see inset). 

Rex Type ME Conveyor Sludge Collec- 
tors are installed in both the primary and 
secondary settling basins. Lever-oper- 
ated Rex Roto-Skim skimming pipes are 
used to remove accumulated surface scum 
in the primary tanks. Common walls 
divide the three primary tanks, which 
are 16'6" wide x 50’ long x 8’ average 
water depth, and the three final tanks, 
which are 14'6” wide x 50’ long x 7’6” 
average water depth. 

For most efficient operation...for most 
effective results, why not put the CHAIN 
Belt team to work for you. For informa- 
tion on the complete Rex line, write 
CHAIN Belt Company, 4606 W. Green- 
field Ave., Milwaukee 1, Wis. 


CHAIN BELT COMPANY 
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PRIMITIVE WASHDAY...Washing in a river 
—inefficient and exhausting—is still done in many 
undeveloped countries. Clothes never really 
come clean and are often contaminated. 


THE MODERN WOMAN merely turns a 
switch... her wash is done automatic- 
ally in clear, pure water-most of it 
carried through cast iron pipe. 


FOR WATER, SEWERAGE AND 
U.S. PIPE AND FOUNDRY COMPANY 
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but better than ever today! 


From mine-to-line, U.S. Pipe controls quality 


America’s water systems... finest on earth...didn’t just happen. 


They are made possible by forward-looking water officials and the 
dependable cast iron pipe that carries most of the nation’s water. 


We supply much of that pipe. To make sure it’s as good as human 
care, skill and integrity can make it, U. S. Pipe controls every 
production step. From mining of ore to modern packaging, our pipe 
is tested, checked and rechecked for quality every step of the way. 


Dependability is built into U.S. Pipe... literally, from the ground up! 


PROBING THE EARTH Our own iron INSPECTING HOT PIPE...U.S. Pipe, just SCIENTIFIC TESTING...Determining the 
ore is mined from deposits as much removed from the mold, is checked chemical properties of U.S. Pipe - 
as two miles distant from the portal and inspected for quality. one of many quality checks. 


® 
INDUSTRIAL SERVicEeE 


Birmingham 2, Ala. A wholly integrated producer from mines and blast furnaces to finished pipe. 


x 
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Engineers: 


Design Flow: 


Lakeside 
Equipment: 


SPIRAGESTERS are used singly for projects 
under 6000 P.E. They give superior results with the 
minimum of operating skill. Construction and op- 
erating costs are among the lowest. Plant expansion 
available by adding another Spiragester or easily 
converting the tank to a digester. Spiragesters are 
now installed throughout the U. S. Also Canada and 
foreign countries. As at College Station, Lakeside 
provides trickling filter and Spiraflo final clarifier 
equipment for a complete treatment plant. Write for 


Bulletin 100. 


City of College Station, Texas 


Homer A. Hunter Associates 
Dallas, Texas 


0.52 MGD 


2 — 24'-0” Spiragesters 
1 — 120’-0” Rotary Distributor j 
1 — 35’-0” x 9’ SWD Spiraflo Clarifier pics 
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From North, South, East and West, 
officials wrote in to say... 
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“| PREFER CAST IRON PIPE TO ANY 


Recently a questionnaire was mailed 
to water utility managers all over 
the U. S. One question asked was: 
What kind of pipe do you prefer and 
why? With 42 states heard from, the 
vote is overwhelmingly in favor of 
cast iron! Here are typical com- 
ments from the survey: 


“Strength, resistance to corrosion 
... economical first cost, low main- 
tenance and operating cost, good 
flow characteristics.” 


North Carolina 


“Our main system is entirely cast iron. “Long life—strength—ease of tap- 
It holds up good in ‘hot’ soil conditions ping. We cathe located, as & city, 
and will not rust out. We are nearing Ve old mine workings, and sub- 
the century mark on some of it, and it _Sidence of earth causes trouble on 
gives no trouble.” other pipe to a greater extent than 


—_Kansas on cast iron.” 
—Itinois 
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“Having been used over a long period 
of time, it has proved its worth. 
Structurally safe. Easy to repair.” 


—California 


So many good reasons... 


e LONG LIFE. The cast iron pipe 
you install today will perform 
economically 100 years from now. 

e HIGH CAPACITY. Cement-lined 
cast iron pipe will deliver the full- 
rated flow all through the years. 
No other pipe, size for size, can 
carry more water. 

e CORROSION RESISTANCE. 
Long life proves it. Most water 
utilities are still using the first cast 
iron pipe they installed. 

e GREAT BEAM STRENGTH. 
Cast iron pipe resists the effect of 
heavy traffic, shifting soils. 

e TREMENDOUS LOAD RESIST- 
ANCE. 6” cast iron pipe (Class 
150) withstands a load of nearly 9 
tons per foot! 

e PRESSURE-TIGHT JOINTS. 
You have a complete choice of leak- 
proof, easy-to-assemble joints. You 
need a minimum of tools and crew. 

e EASE OF TAPPING. No tapping 
saddles needed. Takes threading 


—_— best of all kinds of pipe. 
“We have a very hilly city, pres- sie 


sures up to 170 p.s.i. Some of our ... good reasons for you to choose 
mains are 90 yearsold. Theywere CAST IRON PIPE 
cast iron and are still giving good Cast Iron Pipe Research Association, 
service.” Thos. F. Wolfe, Managing Director, 


—lowa 3440 Prudential Piaza, Chicago 1, III. 
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the puede... 
DIGESTER CIRCULATING-MIXING 


INCREASED CAPACITY—GASLIFTER circulated digesters easily handle 
loadings of 6 Ibs. of solids/cu. ft./mo. 

BETTER DIGESTION—15 to 20°% more gas (methane) per |b. of volatile solids, 
together with low and uniform volatile acids—all accomplished in single stage 
digestion at high loading rates. 

ELIMINATES SCUM BLANKETS AND GRIT SHOALS—Rapid circulation 
along roof, walls and bottom disperses grease blanket and prevents loss of 
capacity due to grit shoaling. 

ADAPTABLE TO STANDARD OR HIGH RATE DIGESTION—The GAS- 
LIFTER may be applied to either standard or high rate digesters with equally 
efficient results. 

ACCESSIBLE—SPECIALLY DESIGNED LOCKING CHAMBER permits indivi- 
dual inspection and service of stainless GASLIFTER sparging units without 
dangerous gas loss or digester shutdown. 

NO MECHANICAL SHUTDOWNS—GASLIFTER utilizes gas-lift principle 
and completely avoids mechanical troubles from rag and sewage "'string” foul- 
ing. Sparjers used to diffuse gas in the eductor tube avoid all orifice troubles. 


on at Aurora Sani- 
ora. Illinois serves 


tion and mixing 

th GASLIFTER, Pub- 

data attests to th 
cy 


Engineers will be interested in 
Bulletin 25-S-91 for details on 
GASLIFTERS: and Brochure 25- 
$-11336 for complete report on 
GASLIFTER operoting results at 
ao full scole plant installotion 


Write for your copies 


GASLIFTER is a trademork of 


GASLIFTERS incorporate the patent rights of Joseph Cunetta Walker Process Equipment Inc 


& 
... WALKER PROCESS : 
GASLIFTER 
action achieved 
shed operating 
resulting increased 
Walter A. Sperry 
Supt.. Aurora Sanitary District 
Walter E. Deuchler Co., Aurora 
Consulting Engineers 
d 
4 
WALKER PROCESS EQUIPMENT INC. 
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Rivers to Cross? 
Specify America’s Finest Flexible Joint 


American Molox 
Ball Joint Cast Iron Pipe 


Get the strength, proven long life 
and trouble-free service of American 
Cast Iron Pipe — plus the special 
advantages of a flexible joint designed 
for river crossings — with American 
Molox. 

Premium quality, American Molox 
is designed with an integrally cast 
socket and cast steel glands for 
maximum strength and large diameter 
Stainless steel bolting for corrosion 


= resistance. 
P For full information about this 


service-proven pipe, call your Ameri- 

can Cast Iron Pipe Company repre- 
ya sentative, or write for the descriptive 
brochure “American Molox Ball Joint 


SALES OFFICES 


New York City + Dallas 
Chicago + Kansas City 
San Francisco + Denver 
Pittsburgh + Orlando 
Minneapolis + Cleveland 
Birmingham 


CAST IRON PIPE CO. 


SIRMINGHANM ALABama 
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The SeweRodeR is preferred 
for all sewer cleaning! 


The SeweRodeR has been 
on the market for over 
ten years, and is tested and 
proven. The SeweRodeR is 
the most efficient and 
economical machine ever 


ao 
<i 


made for cleaning sewers. 
In many cases it has paid 
for itself within 30 days. 


3786 DURANGO AVE., LOS ANGELES 34, CALIF. 
1005 SPENCERVILLE ROAD, LIMA, OHIO 
415 SOUTH ZANGS BLVD., DALLAS, TEXAS 


FLEXIBLE INC. 
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is a Pfaudler Permutit 
program providing 
the know-how 
the equipment 
and the experience 
for solving problems 
involving fluids 


FLUIDICS AT WORK 


SPARGER RING 
INJECT: 
COMPRESSED 


UPPER ROTOR 
DRAWS IN AIR 
FROM SURFACE 


BOTTOM ROTOR 


COMPRESSED AIR 


New PERMUTIT AERATOR 


Increases O, transfer over 65% with- 
out adding power... with Permutit's 
new process Bio-Oxidation Aerator. 


Developed in laboratory and pilot 
plant operation, now contirmed and 
proven in a large industrial waste 
treatment Permutit’s 
new Aerator sets a new high in rate 
# oxygen transfer per horsepower 

Permutit’s design of the double 
turbine introduces oxygen from the 


installation 


surface as well as from a sparger 


ring. Oxygen transfer per horse 
powel has increased from conven 
tional rate of .86 Ib. per hour to 
1.5 Ibs. per hou 

The Permutit Aerator can be in 


stalled in existing basins as well 


Specialists in FLUIDICS. 


as in new systems. To help you 
achieve such efficiency in your Bio 
Oxidation system, we will be glad 
to review vour operating data and 
make recommendations 

Other Ptaudler Permutit equip 
ment for waste treatment includes 
Colloidair Separators Precipitators 


Titan Centrifuges, lon Exchangers, 


Filters, Chemical Feeders, Evap 
orators, and Degasifiers. Call ot 
write our Permutit Division, Dept 
SL-49, 50 West 44th Street. New 
York 36. New York 


. the science of fluid treating and processing. 


FLUIDICS covers such varied 
phases of Huid handling and con 
trol as: 


waste treatment distillation 
water treatment drying 
corrosioneering blending 
reactions metering 
polymerization valving 
ion exchange flow rate control 
fluid analysis, piping 

metering and 

control centrifuging 
agitation filling 
evaporation heat transfer, etc. 


Whenever you have a fluid-handling 
problem, look to the Pfaudler Per- 
mutit FLUIDICS program for the 
best solution. 


PFAUDLER 
PERMUTIT 
INC. 
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As the 120-foot outfall was lowered into 
place, it was joined to remaining portion 
of existing outfall 


120-Foot Outfall Installed in One Piece 


Seattle replaces old outfall with five 24-foot lengths of 


Armco Pipe joined together. 


Engineers selected Armco ASBESTOS- 
Bonpep® Corrugated Metal Pipe to re- 
place an old outfall sewer in Puget 
Sound, Seattle. They found that the entire 
120-foot outfall could be assembled on 
dry land, with the joints made tight, and 
then lowered into plac e. Bolted coupling 
bands with extra bolts through the pipe 


provided the necessary beam strength to 


maintain good alignment during and 
after installation. 

Armco Corrugated Metal Pipe can 
help solve your sewer problems too. A 
variety of protective coatings is available 
to meet practically any corrosive or ero- 
sive condition. Write us for complete de- 
tails. Armco Drainage & Metal Products, 
Inc., 5999 Curtis St., Middletown, Ohio. 


ARMCO DRAINAGE & METAL PRODUCTS 


Subsidiary of ARMCO STEEL CORPORATION 


OTHER SUBSIDIARIES AND DivisiONs: Armco Division * Sheffield Division 
The National Supply Company * The Armco International Corporation 
Union Wire Rope Corporation * Southwest Steel Products 
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Its HERE! 


25-Year Protection 
on Pneumatic Ejectors 


Only Yeomans dares to back 
specifications with this 


PNEUMATIC EJECTOR “ 
Mechanically-Controlled 


Cwenty-Five Year ‘Warranty 


contained, YROMANS 
BROTHERS COMPANY wan warrants sta mechanically- 
Stone Preumatic Ejector agsinet defects in 


1, transportation prepa 
ahaa ROTHE 
ble for 


y's tesponsibuity 

thus twenty five year warranty is bmited le replacing 

or repairmmg without charge. fob. us works, aay of the 
feoriver, mechan- 


AL other — are subject fo the 
manufacturer's warranty of one 
Written notice must be given to to tha C ompany 
gtely upon of any defect. The 
ve the option of requiring the return of « defective oom. wed to vary the terms oF proves in 


“Dla 


This is the SHONE® with mechanical 
controls. It is the original pneumatic 
ejector. The first SHONE’ was 
installed in 1870. 


€-5906 


WORLD'S LARGEST AND BEST LINE OF PNEUMATIC EJECTORS 


| 
long-term warranty... 
q af 
ages of any or char troer a 
matenal, repaired of altered outaide of the Company's 4 
| works unless the Campany’s written approval in that re. 
\ ¢ t first obtained ad allowance w be nade for 
1999-7 North Ruby Street, Melrose Park, Illinois 
| 
| 
| 
‘Sie 
? 


SEWAGE AND INDUSTRIAL WASTES 


It’s from DorrR-Outver 


NEW 


dic. S-7 Clarifier, 50° dio. KCB Distributor and a 3 VM Pump. 
A new two-in-one unit for small sewage treatment 
plants, the Dorr Degritting Clarifier or Clarigester 
combines positive mechanical degritting with conventional 


clarification in a single tank. Applicable for maximum 
flows of 0.45 to 1.75 MGD, this new design incorporates 


an annular chamber around the Clarifier feed well. 
As Clarifier feed enters the chamber, grit settles and is 


removed by rakes attached to the Clarifier skimming arm 
Overflow from the grit chamber discharges over a weir into 
the feed well. A by-pass slide gate allows discharge of the feed 
directly into the Clarifier when desired 
This new design is equally adaptable to both Dorr Type‘ A’ 


Clarifiers and Dorr Clarigesters. In either case, it will remove 
troublesome grit from the raw sewage without the need for costly, 


separate grit handling facilities 
For more complete information on this new two-in-one unit write 
Dorr-Oliver Incorporated, Barry Place, Stamford, Connecticut. 


ORR- CorniweR 
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Sewage Works 


OVERFLOWS OF SANITARY SEWAGE FROM COM- 
BINED SEWERAGE SYSTEMS * 


3y THomas R. Camp 


Camp, Dresser and McKee, Consulting Engineers, Boston, Mass. 


The older portions of the sewerage 
most of our cities and 
constructed on the com- 
bined plan to receive both sanitary 
sewage and storm-water runoff. The 
disadvantages of this plan became evi- 
dent during the past few decades as 
the municipalities have found it neces- 
sary to treat the sanitary sewage to 
abate pollution in the receiving streams. 
Asa consequence, most new systems and 
extensions to old systems are now con- 
structed on the separate plan with sep- 
arate storm drains to receive the run- 
off from rainstorms. If the combined 
have adequate capacity for 
both the sanitary sewage and storm- 
water runoff, it is not usually econom- 
ically feasible to intercept and treat 
the entire flow from the combined 
sewers. It is thus necessary to accept 
overflows of mixed sanitary sewage 
and storm water into the receiving 
stream during rainstorms. With rain- 
storms of only moderate intensity a 
large part of the sanitary sewage is 
discharged untreated into the receiv- 
ing stream. Such overflows constitute 
a major problem in the nation’s pol- 
lution abatement program. 


systems in 
towns were 


sewers 


Design Practices 


It has been shown independently by 
McKee (1), by Palmer (2), and by 
* Presented at the 30th Annual Meeting, 


New England Sewage and Industrial Wastes 
Assn.; Hartford, Conn.; Nov. 5-6, 1958. 
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Johnson (3) that the average dry 
weather flow of sanitary sewage is ap- 
proximately equal to the runoff from 
a rainstorm having an intensity of 
about 0.01 in. hr. It is common prac- 
tice in the design of storm drains to 
provide capacities for rainstorms hav- 
ing frequencies ranging from 5 years 
for residential communities to 25 
years for business districts in large 
cities. The corresponding rates of 
runoff range from about 0.5 to about 
2 in. hr. It is thus evident that the 
capacity of properly designed com- 
bined sewers ranges from about 50 to 
about 200 times the average dry 
weather flow of sanitary sewage. It 
is for this reason that it is not usually 
economically feasible to intercept and 
treat the entire capacity of combined 
sewers. There are, however, in many 
municipalities some combined sewers 
which have grossly inadequate capac- 
ity for storm-water runoff. In such 
cases consideration should be given to 
intercepting the full capacity of the 
combined sewers. 

It has long been general practice in 
the design of interceptors and treat- 
ment works to provide sufficient ca- 
pacity for the estimated future peak 
dry weather flow of sanitary sewage 
together with a small amount of storm- 
water runoff commonly referred to as 
‘first flushings.’’ This practice re- 
sults in providing interceptor capac- 
ities of from 2 to 5 times the average 
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382 SEWAGE AND 
dry weather flow of sanitary sewage. 
This ratio is sometimes referred to as 
the ‘‘dilution faector.’’ 


Investigations and Results 


Relationship of Rainfall Intensity to 
Dry Weather Flow 


In connection with an engineering 
investigation in 1946 for sewage dis- 
posal in the Merrimack River Valley 
District in 
were 
the U. S. 


Massachusetts, 
McKee (1) of 
Weather Bureau’s hourly 
rainfall records in Boston during the 
months of June through November 
for the years 1934 to 1945 inclusive. 
McKee concluded that a rainfall of 
about 0.03 in. is required to produce 
runoff to the sewers and that a rain- 
fall intensity of about 0.01 in./hr 
would produce runoff equal to the 
average dry weather flow of sanitary 
Detroit, Palmer (2) 
lected data on the amount of rainfall 
runoff. Palmer’s 
field observation and 


sewerage 


studies made by 


sewage. In eol- 


necessary to Cause 
studies were by 
measurement using portable rain gages. 
The Palmer’s observations 
indicated that, on the average, runoff 
did not occur unless the precipitation 
exceeded 0.03 in. per hour. Palmer, 
like MeKee, found that the average 
sanitary flow is equivalent to a rain- 
fall of about 0.01 in. hr. In studies 
of the sewerage system in Washington, 
D:. C., found that rainfall 
in excess of 0.02 in. is required to pro- 
He also 
found that the average dry weather 
flow of sanitary sewage was approxi- 
mately equal to a rainfall intensity of 
0.009 in. /hr. 


results of 


Johnson (3) 


duce runoff into the sewers. 


Loss of Sanitary Sewage 


MeKee (1 
of the 


found from his study 


Boston rainfall records that 


rainfall equal to or in exeess of 0,01 


in./hr occurred 6.64 per cent of the 
total that rainfall sufticient 
to cause runoff into the combined sew- 


occurred about 5.62 per cent of 


time and 


ers 
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the time. He also found that, with 
interceptors having a capacity of 
twice the average dry weather flow, 
2.7 per cent of all the sanitary sewage 
produced during June through No- 
vember may be expected to escape to 
the receiving during rain- 
storms. This that approxi- 
mately 97.3 per cent of all sanitary 
sewage will be intercepted and con- 
veyed to treatment works. MeceKee’s 
findings also indicated that, if inter- 
ceptors are designed for 5 times the 
average dry weather flow, about 1.2 


stream 
means 


per cent of all the sanitary sewage 
will be lost to the 
during overflows. 
Mc Kee’s that even 
though only a small per cent of the 
total flow of sanitary sewage in both 


receiving stream 


studies show 


dry and wet weather is lost in storm- 
water overflows, a very large per cent 
of the sanitary sewage present in the 
combined sewers during rainstorms is 
through overflows. For example, 
with interceptors having a capacity of 
twice the dry weather flow, more than 
90 per cent of the sanitary sewage is 
discharged in the overflows with a 
rainfall intensity of 0.2 in./hr or 
more. With interceptors having a ¢a- 
pacity of 5 times the dry weather flow, 
about 76 per cent of the sanitary sew- 
age is lost during rainstorms having 
an intensity of 0.2 in./hr and about 90 
per cent is lost during rainstorms hav- 
ing an intensity of 0.5 in./hr. These 
figures are based on the assumption 


lost 


that the combined sewers have sufficient 
capacity for a 5-year storm or a larger 
one. It 
that gross pollution of the receiving 


IS obvious from these figures 


waters oecurs for short durations dur- 
ing This is particularly 
objectionable in where the re- 
ceiving waters are used for water sup- 


rainstorms. 


Cases 


plies, swimming, or shellfish propaga- 
tion and require low counts of coli- 
form bacteria. 

known that, with 
interceptors desigiried for two to three 
times the average dry weather flow, 


It has lone been 
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only a very small portion of the total 
sanitary sewage will be lost in over- 
flows and the duration of these over- 
flows will be only a very small por- 
tion of the total time. For example, 
as pointed out by MeKee (1), the 
Metropolitan Drainage Commission at 
Minneapolis and St. Paul, Minn., re- 
ported in 1928 that overflows would 
oceur 1.7 per cent of the total time 
and that 1.1 per cent of the total sew- 
ave would be discharged untreated to 
the river. In a discussion of MeKee’s 
paper, Stanley (4) showed that a 
rainfall intensity equal to or greater 
than 0.04 in./hr oeeurs in Chicago 
about 1.6 per cent of the total time. 
Palmer (2) found in Detroit that 
‘ainfall intensities in exeess of 0.04 
in./hr occur about 2.5 per cent of the 
total time. Thus it appears that with 
interceptors designed for 2 to 3 times 
the average dry weather flow, it is 
generally true in the Northeast that 
only about 2 per cent of the total 
sanitary sewage overflows during rain- 
storms and that this oecurs during 
only 2 to 6 per cent of the time. 
While the pollution caused by these 
overflows is insignificant in terms of 
the total annual volume of sewage and 
the total time, the effect of these over- 
flows on the receiving waters will de- 
pend on the use and nature of the re- 
ceiving waters and the frequency of 
the overflows. 


Frequency of Overflows 


Little importance appears to have 
been attached to the frequency of 
overflows prior to the studies by Me- 
Kee (1) about twelve years ago. Me- 
Kee’s studies showed that with inter- 
ceptors designed for 1.5 to 3. times 
the average dry weather flow, over- 
flows may be expected from 5 to 6 
times per month on the average dur- 
ing the summer months. This means 
every 5 or 6 days, much too frequent 
for waters to be used for bathing or 
shellfish propagation. MeKee’s studies 
also showed that even with intercep- 
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tors having capacities for 20 times the 
average dry weather flow, overflows 
would occur about twice a month or 
every 15 days on the average. Thus, 
these overflows are not only very dam- 
aging to the recreational use of the 
receiving waters, but it is not eco- 
nomically feasible to obtain a satis- 
factory reduction in the frequency of 
overflows by increasing the intercep- 
tor capacity. These are very impor- 
tant findings. 

In the studies made by Palmer (2) 
in Detroit, based on the records of the 
Conner Creek storm water pumping 
station, it was found that overflows 
would occur about 7 times per month 
on the average throughout the year 
with interceptors designed for twice 
the average dry weather flow. It was 
further found that with interceptors 
designed for 7 times the average dry 
weather flow, overflows would occur 
about 5.4 times per month on _ the 
average. These observations in De- 
troit are verification of the reasonable- 
ness of the findings by MeKee based on 
the Boston rainfall records. Palmer 
concluded that no satisfactory reduc- 
tion in the number of storm-overflow 
occurrences can be made by any rea- 
sonable increase in interceptor capac- 
ity. 

The recent studies of the Washing- 
ton sewerage system reported by 
Johnson included a 12-month period 
of gaging at a number of storm water 
overflow points. These gagings showed 
an overflow frequency of about 5 times 
per month for interceptors with a di- 
lution factor of 1.5 to 2. The gagings 
also showed that from 1 to 3. over- 
flows would occur per year with inter- 
ceptors having a dilution factor of 66 
to 100. These measurements are also 
in verification of the reasonableness of 
MeKee’s findings. 


Effect of Concentration Time 


In estimating storm-water runoff 
for the design of storm drains or com- 
bined sewers by the rational method, 
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rainfall intensity—duration curves are 
used. The rainfall intensity used for de- 
sign is the average intensity through- 
out a duration equal the 
of concentration of the runoff 
from the most remote part of the trib- 
utary area to the point in the system 
where the drain or combined sewer js 
to be sized. At the velocities of 2.5 
ft more which will obtain in 
the drains or combined sewers during 
the design flows, the times of coneen- 
tration which are of interest to the de- 
from 


period to 


time 


sec or 


Signer 


about 


range 10 min to 
about 2 hr. 
It should be noted that with low- 


intensity rainfalls, which are the cause 
of the frequent overflows. the veloci- 
ties in the combined sewers are very 
much less than the velocities when the 
sewers are flowing at or near capacity. 
In estimating the frequency of over- 
flows, therefore, concentration times 
of 2, 3, and 4 hr should be considered. 

In MeKee’s study of the Boston 
rainfall (1), the number of 
days per month in which various low 
intensity rainfalls were equaled or ex- 
ceeded noted. No storms were 
counted unless (a) the total rainfalls 
exceed 0.04 in., of which 0.03 in. was 
allowed for wetting and the first 0.01 


rect rd 


Was 


in./hr thereafter was assumed to be 
intercepted and (b) the storm was 
followed by at least 24 hr during 


which no overflow occurred. In other 
words, two periods of overflow within 
24 hr were one storm 
and rated at the maximum intensity. 
Moreover, the intensity during only 
one hour considered. This is 
equivalent to the assumption that all 
tributary areas have a 
time of 60 min. 


considered as 


Was 


concentration 


Comparison of Frequencies of 
Overflow 


Boston, Mass. 

The author’s firm has recently re- 
studied the rainfall records analyzed 
by McKee (1) to check the results he 
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obtained on frequency of overflows 
and to extend the times of conecentra- 
tion to 2, 3, and 4 hr. The results of 
these studies are shown on Figure ] 
by means of plotted points to which 
light solid curves have been fitted. 
The results obtained by McKee for a 
60-min concentration time are plotted 
in a heavy broken line. The graph 
that the results of the recent 
computations the 60-min period 
are in substantial agreement with Me- 
Kee’s original curve. 

[t will be noted from Figure 1 that 
with concentration times of 2, 3, and 
4 hr, the frequency of overflows is 
progressively lowered. The effect is 
not great with interceptors having c¢a- 
pacities of 1.5 to 2 times the average 
dry weather flow. With a 60-min con- 
centration time, overflows may be ex- 
pected about 6 times per month on the 
average whereas with 4 hr concentra- 
tion time, overflows may be expected 
about 4.5 times per month on the aver- 
age. The effect of concentration time 
on the frequency of overflows is much 
greater, however, with interceptors of 
large capacity. Figure 1 indicates 
that with interceptors having capaci- 
20 times the average dry 
flow, overflows may be ex- 
pected about 2 days per month on the 
average with a concentration time of 
60 min, but only about 6 times per 
year if the concentration time is 4 hr. 


shows 


for 


of 


weather 


ties 


Detroit, Mich. 


Also Figure 1 for pur- 
poses of comparison are the results of 


shown on 


studies made by others on the fre- 
quency of overflows. The results of 
the studies made by Palmer (2) at 


Detroit are shown by a light dash-dot 
line. These studies cover a 12-month 
period, and, as previously noted, were 


for a 60-min concentration time. 


Washington, D. C. 
The 


results of measurements made 


in Washington under the direction of 
Johnson (3) are shown by large black 
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FIGURE 1.—Frequency of overflows based on Boston rainfall records. 


These measurements were taken 
-month period. The fre- 
quency of overflows observed in Wash- 
ington reliable; but Johnson indi- 
cates that the dilution factor for each 
of the points had to be estimated and 
there is some doubt as to its accuracy 
for some of the stations. Also shown 
on Figure 1 by means of a light dashed 
curve the estimated frequency of 
overtiows for a hypothetical combined 
sewer on the upper Potomac River at 
Washington. This curve was _ esti- 
mated from the measured points at 
other stations. 


dots. 
over a 12 


Is 


1S 


Columbus, Ohio 


by means of 
open squares, overflow frequencies 
estimated by Gregory ef al. (5) for 
Columbus, Ohio, about 1930. Rainfall 
intensities in Columbus were com- 
puted for different durations and fre- 
quencies from the records of the U. 8. 
Weather Bureau for the years 1897 
1923 inclusive. Intensity-duration 
eurves for frequencies ranging from 8 
times per year to once in 15 years were 


Figure 1 also shows, 


to 


plotted with durations ranging from 
5 min to 2 hr. The estimated fre- 
quency of overflows shown on Figure 
1 for Columbus were determined from 
the intensity-duration curves. It will 
be noted that the estimated frequency 
of overflows for Columbus was con- 
siderably less than might be expected 
from the more recent studies 
where. 


else- 


Concord, N. H. 


Recently, studies were completed of 
the hourly rainfall records at Con- 
cord, N. H., for the months of June to 
September inclusive and for the years 
1953 to 1957 inclusive. The estimated 
frequency of overflows from combined 
sewers in Concord is shown by the 
curves in Figure 2. Figure 2 indi- 
cates that with interceptors designed 
for the peak dry weather flow, over- 
flows may be expected into the Merri- 
mack River at Concord from four to 
six times per month on the average 
during the summer months. This is a 
slightly higher frequency than was 
indicated by the Boston rainfall ree- 
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The Concord data indicate 
about the same frequeney of overflows 
rainfall data for inter- 
ceptors of large capacity. With a di- 
lution factor of 20, overflows may be 


ords. 


aus the Boston 


months 
time of concentration to 
per month with a 1-hr 
time of concentration. 


expected about once every 2 
with a 4-hr 


about twice 


Significance of Overflows 
Pollutional Aspects 


The overflows of mixed sewage and 
storm water constitute slugs of pollu- 
tion in the receiving waters of high 
concentration at the points of 
When the receiving waters 
lakes or tidal estuaries, the slugs 
of pollution hover about the overflow 
points in relatively strong concentra- 


dis- 
charge. 


are 


tions to be 
tidal 
rents. 


(dispersed gradually by 
wind-induced  cur- 


Both tidal currents and wind- 


currents or 


induced currents may carry slugs of 
pollution for thousands of feet before 
satisfactory dilution occurs by mixing 
with the receiving waters. When the 
receiving waters are flowing streams, 
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the slugs of pollution will be carried 
and the rate of dilution 
by mixing with the receiving waters 
will depend upon the velocity and tur- 
bulence of the stream. In large, slow- 
velocity rivers slugs of pollution are 
known to hug the shore on 
where the discharge occurs. 


downstream 


the side 


If a receiving water is classified for 
a use which requires a_ considerably 
pollution 
than occurs in the slugs of pollution 
discharged in water overflows, 
either from the storm 


smaller concentration of 


storm 
the pollution 


water overflows must be eliminated or 
the frequency of the overflows must be 
substantially reduced and the receiv- 
ing waters must be capable of purging 


themselves of fol- 
the 
used as 
following  treat- 
ment, they must be capable of provid- 


pollution 
rainstorms. 
recelving 


rapidly 
Moreover, if 
are to be 


lowing 
Waters 
municipal supplies 
ing adequate dilution of the pollution 
between the points of overflow and the 
water works intake. In the author’s 
opinion the only completely satisfac- 
tory solution is the elimination of the 
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FIGURE 2.—Frequency of overflows based on Concord rainfall records. 
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overflows of mixed sewage and storm 
water; but this may prove to be so 
costly as to warrant a downgrading 
of the use classification or the related 
water quality standard together with 
steps leading to partial accomplish- 
ment of the ultimate goal such as sepa- 
ration of parts of the system and large 
interceptors for other parts. 


Cost of Remedial Measures 


Palmer, in his 1949 Detroit studies 
(2), estimated that complete separa- 
tion of the Detroit system would cost 
approximately $235,000,000 which is 
roughly $130 per capita. Johnson re- 
ported in 1958 that the District of 
Columbia’s Board of Engineers esti- 
mated that it would cost about $238,- 
000,000 to convert the large combined 
sewer area of Metropolitan Washing- 
ton to separate systems, not including 
indirect property owners, 
business others. Complete 


New Hamp- 


losses to 
men, and 
separation at Concord, 
shire is estimated at approximately 
$8,000,000 or $280 per capita. These 
are extremely high costs to add to the 
initial cost of interception and _ treat- 
ment of the dry weather flow, and 
they must be weighed against the 
value of the use of the receiving water 
course which will be made possible by 
the separation program. If, for ex- 
ample, the desired use is swimming, 
this demand can be met by the con- 
struction of swimming pools at a frac- 
tion of the cost of separation. If the 
desired is for municipal water 
supplies, this demand can be met by 
more adequate treatment at water fil- 


use 
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tration plants at generally far less 
cost than the cost of separation of the 
sewers, 

Conclusions 


The problem of what to do about 
pollution associated with overflows of 
mixed sanitary sewage and storm wa- 
ter from combined systems is an ex- 
tremely complex one involving in most 
cases enormous cost for each alternate 
solution. The solution must be tailor- 
made for each municipality. To meet 
this problem economically for all con- 
cerned, realistic appraisals must be 
made of the values of the proposed 
uses of the receiving waters as com- 
pared with the cost of meeting the 
water quality standards associated with 
these uses. These appraisals must be 
made by the pollution control agencies 
before the streams are classified. 
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EFFECTS OF PREMIXING RAW AND DIGESTED 
SLUDGE ON HIGH-RATE DIGESTION 


By 


C. KE. 


KEEFER 


Assistant Bureau Engineer, Bureau of Sewers, Baltimore, Md. 


Investigations were begun in 1954 
and continued until the early part of 
1958 at the sewage-treatment works 
serving the city of Baltimore, Md., to 
determine the extent to which the rate 
of digestion of raw could be 
increased by increasing the quantity of 
seeding material. 


sludge 


These experiments 
were conducted first in the laboratory 
and later on a plant scale and indi- 
cated that satisfactory digestion could 
be obtained in 10 days or less when one 
part of digested sludge is premixed 
with one part of raw sludge (organic 
matter weight basis) and when the mix- 
ture is subjected to anaerobic decompo- 
sition at the proper temperature. 

In 1927 Rudolfs (1) reported that 
raw sludge to which no ripe sludge 
was added digested in 54 days when 
kept at 29.5°C. Fair and Carlson (2) 
Rudolfs Heukelekian (3), and 
Keefer and Kratz (4) are among those 
who reported that fresh sludge could 
be digested in 25 days to 6 weeks, de- 
pending the temperature 
In all of these experi- 
ments one-half part of digested sludge 


and 


on sludge 


maintained. 


was mixed with one part of raw sludge 
by weight on the volatile solids basis. 
Since the introduction of one-half part 
of digested sludge to one part of raw 
sludge on the volatile solids basis will 
reduce the digestion time from 54 to 
about 80 days, the question naturally 
arises as to whether the digestion time 
can be further reduced by using larger 
quantities of digested sludge. To answer 
this question a series of experiments 
were conducted in the laboratory at 
the Patapsco sewage treatment works 
and on a full scale in the field at the 
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River treatment works, 
both of which plants serve the city of 
Baltimore. 


Back sewage 


Laboratory Experiments 
The sewage received at the Patapsco 
plant and 
for the 
At 
the time the experiments were con- 
dueted, the plant was provided with 
two mechanically-cleaned settling tanks 
with a theoretical detention period of 
about 2 hr, and one square digester 

with a capacity of 78,000 cu ft. 


character 
Sludge 
from this waste. 


domestie in 
of average streneth. 


Was 


tests was drawn 


Several groups of tests were made 
using mixtures of various ratios of raw 
and digested The of 
three of tests will be discussed 
herein. These ratios were based on the 
weights of raw volatile in the 
two materials. During all of the tests 
the sludges were kept in an incubator 
room at a temperature of 37°C, 


solids. results 


these 


sol ids 


Experiment No. 1 

During experiment No. 1, five differ- 
ent mixtures of digested and raw sludge 
were prepared and put into five 5-gal 
carboys. The ratios of digested solids 
4, and 5. 
The digested sludge used for seeding 


to raw solids were 0.5, 1, 2, 
purposes was drawn from the digester 
at the Patapsco sewage works and was 
stored in the laboratory until gasifica- 
tion The material then 
mixed, divided into five 
parts, and samples in duplicate were 
obtained from each part for analysis. 
A sufficient quantity of raw sludge was 
also collected and analyzed. The raw 
and the digested sludges were mixed in 


ceased. Was 


thoroughly 
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SLUDGE DIGESTION 


TABLE I.—Analyses of Raw and Digested Sludges Used During Experiment No. 1 


| Digested Sludge 


Raw Sludge 


Ratio of | 
Digested | 
to Raw Quantity | Total 
Sludge* Used Solids 
(ml) (per cent) 


Dry Basis 
(per cent) 


Volatile Content } 


Dry 
Weight 


Volatile Content 


Quantity Total 
Used Solids | 
(ml) (per cent) Dry 


Dry Basis Weight 


(per cent) 


44.66 
44.23 
44.73 
44.60 
44.86 


58.95 
74.86 
122.92 
121.13 
118.79 


5.25 
5.26 
5.19 
5.24 
5.19 


74.46 
74.54 
73.76 
73.99 
74.25 


* Ratio is based on weights of dry volatile solids. 


accordance with the above-mentioned 
ratios and added to the five carboys. 
The quantities and the analyses of 
sludges are given in Table I. 

The top of each carboy was connected 
by tubing to a sealed 5-gal carboy con- 
taining a displacement solution to col- 
lect and measure gases containing CO, 
(5). By measuring the quantity of the 
displaced solution, the quantity of gas 
generated by the sludge in each bottle 


could be determined. The volumes of 
gas produced were, in general, meas- 
ured daily. All gas volumes were cor- 
rected to a temperature of 0°C and 
a pressure of 760 mm of mercury. For 
the most part, the gas was analyzed 
daily for CH, and CO,. The pH of 
the sludges were determined at fre- 
quent intervals; if the pH dropped 
below 6.8, Ca(OH). was added. Twice 
a week the moisture and the volatile 
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5 Digested: | Raw 
| 


4 Digested: | Raw 


Digested: | Raw 


Dry Fresh Volatile Solids 


ml of Gas per Gram of 


Digested: | Raw 
| 

Note. Ratios of digested sludge 

to raw sludge dre based on the 


weights of dry volatile solids 
in the sludges 


FIGURE 1.—Gas produced by raw sludge seeded with varying quantities 
of digested sludge in Experiment No. 1. 
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TABLE II.—Digestion Time, Sludge Analyses, and Gas Production, Experiment No. 1 


| 


Ratio of 
Jiges 
Digested Digestion 


Analysis at End of 
Digestion Period 


Volatile 


Gas Production 


Per Gram of Dry Fresh Gas Produced in Excess 
Volatile Solids | of Control (per cent) 


to Raw (days) | Total | = 
| Basis | 
(per cent) — | Total Gas | CH, 
| (ml) | (per cent) | 
0.5:1T 26} 4.96 | 45.23 490 320 65 - 
[31 84 4.88 45.02 595 375 63 21 17 
2:1 | 5.67 | 43.52 640 425 | 66 | 31 | 33 
4:1 | 154 6.16 43.04 715 490 68 46 53 
5:1 14} 6.05 | 42.19 725 490 68 48 54 


| 


* Ratio is based on weights of dry volatile solids. 


t Control. 


content of duplicate samples of the 
sludges’ were determined. 

Figure 1 gives the quantities of gas 
produced by each of the five sludge 
mixtures. The sludges were kept in the 
incubator until all gas production had 
ceased. In determining the time re- 
quired to digest the sludge during this 
experiment and the next two, digestion 
has been considered to be completed 
when 90 per cent of the gas evolved had 
been produced. 

When one-half part of digested 
sludge (Figure 1 and Table II) was 
added to one part of ripe sludge, 
which mixture served as the control, 
the digestion period was 2614 days. 
This digestion period was anticipated 
and with observations by 
numerous investigators using similar 
proportions of seeding material. When 
the ratio of digested to raw volatile 
solids increased to 1:1, the digestion 
period lowered to 814 days, a reduc- 
tion of 67.5 per cent. When the ratios 
of digested to raw solids were further 
increased, there was some increase in 
the digestion periods when compared 
with the 1:1 ratio. For example, a 
2:1 ratio required 11 days for the 
sludge to digest, a 4:1 ratio, 1514 days, 
and a 5:1 ratio 141% days. It is in- 
teresting to note, however, from Figure 
1 that as larger quantities of seeding 
material were used the rate of digestion 


agrees 


increased; that is, more of the organic 
material was being converted into gas 
per unit of time. Of unusual interest 
was the observation that the total quan- 
tity of gas produced per gram of dry 
fresh volatile solids increased rather 
uniformly as larger amounts of seeding 
materials were used. For example, the 
control produced 490 ml of gas per 
eram of dry, fresh volatile solids, and 
the sludge mixture containing a ratio 
of 5 parts of digested solids to 1 part 
of raw solids produced 725 ml of gas 
per gram of dry fresh volatile solids, 
an increase of 48.0 per cent. No en- 
tirely satisfactory explanation of this 
phenomenon is apparent. This obser- 
vation was in evidence not only during 
Experiment No. 1 but also consistently 


during subsequent experiments. It is 
possible that when raw solids are 
brought into intimate contact with 


large quantities of digested sludge, the 
superabundance of bacteria present 
may decompose the organic matter to 
a greater extent than would normally 
be the case with smaller quantities of 
seeding material. That this explana- 
tion seems plausible is apparent by 
examining Table II, which gives the 
volatile solids in the five sludge mix- 
tures when digestion had ceased. The 
volatile solids (dry basis) decreased 
rather uniformly from 45.23 per cent 
in the control to 42.19 per cent in the 
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mixture containing a 5:1 ratio of di- 
gested to raw volatile solids. This 
latter 42.19 per cent was less than the 
proportion of volatile solids in the seed- 
ing material at the beginning of the ex- 
periment, which was 44.86 per cent. 
As the foregoing ratios were increased 
there was a further decomposition of 
the volatile solids either in the seeding 
or in the raw solids. 

Although gas production continued 
in the three bottles containing ratios 
of digested to raw solids of 2:1, 4:1, 
and 5:1 beyond the 81-day digestion 
period, considered complete in the bot- 
tle containing a 1:1 ratio, for all prac- 
tical purposes the sludges in these three 
bottles were digested at the end of 81% 
days, as evidenced by their physical 
and chemical characteristics. 

Another observation of interest re- 
lated the extent to which the per cent 
of CH, in the sludge gas varied with 
the ratio of digested to raw sludge in 
the mixtures. Table II indicates that 
when larger quantities of seeding ma- 
terials were used there was some in- 
crease in the proportion of CH, in the 


gas. 
Experiment No. 2 


Experiment No. 2, conducted from 
July 21 to August 20, 1954, in- 
cluded studies of the mixing of raw 
and digested sludges, using five differ- 
ent ratios of digested volatile solids to 
raw volatile solids. These ratios were 
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1:1, 2:1, 40:1, 60:1, and 7.74:1. 
The method of conducting the experi- 
ment, including the collection and 
analysis of the samples, was the same as 
that for Experiment No. 1. The quan- 
tities and the analyses of the raw and 
the digested sludges at the beginning of 
the experiment are given in Table III. 
Figure 2 shows the gas production for 
each of the five mixtures. Table 1V 
shows the digestion to be completed in 
814, 914, 1034, 1214, and 1434 days 
for the respective mixtures. The 
greater the quantity of ripe sludge 
used, the greater was the rate of gas 
production, and the greater was the 
total quantity of gas produced. For 
example, 650 ml of gas was produced 
per gram of dry fresh volatile solids 
with a 1:1 ratio and 950 ml with a 
7.74: 1 ratio, an increase of 46.0 per 
cent. As in Experiment No. 1, when 
a greater ratio of digested to raw 
sludge was used, there resulted a gas 
production with a higher CH, content. 
The gas contained 69.4 per cent of 
CH, from a 1:1 ratio and 72.7 
per cent from a 7.74:1 ratio. As 
greater ratios were used, the percent- 
age of volatile solids in the digested 
material was less, which condition in- 
dicated a greater degree of digestion. 


Experiment No. 3 


After finishing the first two experi- 
ments, it was considered essential to 
check the results of these experiments 


TABLE III.—Analyses of Raw and Digested Sludges Used During Experiment No. 2 


Digested Sludge Raw Sludge 
Dinestad | Volatile Content | Volatile Content 
to Raw Quantity Total | 
Solids* Used Solids i Dry Usec Solids | Dry 
(ml) (per cent) Weight (ml) (per cent) Weight 
(g) | (g) 
1:1 2,500 | 7.45 45.02 | 83.85 | 2572 | 4.57 | 71.24 | 83.85 
2:1 4,000 438 44.14 137.19 2,104 | 4.49 72.62 68.60 
4.01:1 4,000 7.73 44.42 137.35 1,075 4.34 73.53 34.28 
6.00:1 4,000 7.65 44.69 136.75 710 4.39 73.16 22.79 
7.74:1 | 4,000 | 7.74 44.99 139.30 544 | 4.43 | 72.18 17.99 


* Ratio is based on weights of dry volatile solids. 
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7.74 Digested 


6 Digested :| Raw 


— 


4 Digested | Raw 


2 Digested 


Digested | Raw 


S 


mi of Gas per Gram of Dry Fresh Volatile Solids 
+ 


Note: Ratios of digested sludge 
to row sludge are based on the 
‘weights of dry volatile solids 
in the sludges 


5 10 


FIGURE 2.—Gas produced by raw 


20 


Days 


sludge seeded with varying quantities 


of digested sludge in Experiment No. 2. 


by digesting a larger quantity of raw 
sludge. To do this a 55-gal steel drum 
was fitted with an air-tight cover and 
used as the digester. A total of 52,850 
ml of raw sludge was put into the drum 
to which was added 75,000 ml of di- 
gested sludge. The two materials were 
thoroughly mixed, the drum was sealed, 
and provisions were made for deter- 
mining the volume of gas produced by 
measuring the quantity of solution dis- 


TABLE IV.—Digestion Time, Sludge Analyses, and Gas Production, Experiment No. 2 


Analysis at End of | 
Digestion Period | 


placed from another steel drum by the 


gas. Figure 3 shows the equipment. 
Table V gives the analyses of the 


two sludges. The ratio of digested vola- 
tile solids to raw volatile solids was 
1.5:1. The pattern of gas measure- 
ment and analysis as well as contents 
analysis was the same as that followed 
in the earlier experiments. The total 


gas and methane produced during the 
If 


experiment are shown in Figure 4. 


Gas Production 


Ratio of 


| 
| 


Per Gram of Dry Fresh Gas Produced in Excess 


Digested een Volatile Solids of 1:1 Ratio (per cent) 
to Raw (ds | Volatile 
Sludge* days) I otal Solids Dry 
| Basis | CHy 

| per cen (per cent) Total Gas | 

| Total Gas CHa 

| | (ml) | 

| (ml) | (per cent) 

1:1 8h 5.02 | 45.50 | 650 | 450 
2:1 9} 5.86 44.22 | 710 505 | 71 | 9 | 12 
4.01:1 | 103 | 6.40 44.26 | 820 590 | 72 26 | 31 
6.0:1 | 12 | 6.90 42.96 850 | 620 | 73 | 31 | 37 
7.74:1 143 | 7.11 43.18 690 | 73 | 46 53 


* Ratio is based on weights of dry volatile solids. 
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it is assumed that decomposition was 
complete when 90 per cent of the gas 
had been produced, 1214 days were re- 
quired to digest the material. 

The results when the sludge was di- 
gested in the 55-gal drum were com- 
parable with those obtained when 5-gal 
earboys were used. The time required 
to digest the sludge, the quantity and 
the analysis of the gas produced, and 
the physical and chemical character- 
istics of the digested materials were 
approximately the same. 
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FIGURE 3.—Digestion equipment used in Experiment No. 3. 
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Field Experiments 


The full-seale field experiments for 
determining the speed of digestion 
when known quantities of raw and di- 
gested sludges were premixed and then 
subjected to digestion were conducted 
at the Back River sewage treatment 
plant, where approximately 95 per cent 
of the sewage from the city of Balti- 
more and the adjacent territory is 
treated. The sewage, which had an 
average 5-day BOD of 200 mg/l in 


TABLE V.—Analysis of Sludges Used During Experiment No. 3 


Quantity Dry Solids Volatile Solids, Dry VR 
Item (ml) (per cent) asis (per cent) wee S A Dry 
Raw sludge ‘52,880 5.34 63.94 
Digested sludge 75,000 11.18 31.39 1.5 
Mixture at end of 
digestion period — 7.50 32.17 
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mi of Gas per Gram of Ory Fresh Volotile Solids 


Note |S parts of digested sludge 
mixed with LO part of raw sludge, 
bosed on the volatile solids 
nthe sludges 


Days 


FIGURE 4.—Gas produced by 52.89 liters of raw sludge seeded with 75 
liters of digested sludge—Experiment No. 3. 


1957, is derived from a separate sys- 
tem of sewers. The primary treatment 
units consist of mechanically-cleaned 
screens, grit chambers, and primary 
settling tanks. Secondary treatment 
units of trickling filters, me- 
chanically-cleaned settling tanks, and 
activated sludge units, which are de- 
signed to treat an average flow of 20 
mgd. The secondary settling tank 
sludge and the waste activated sludge 
are pumped back into the raw sewage. 
It is estimated that the raw sludge is 
composed of approximately 84 per cent 
primary solids, 11 per cent secondary 
settling tank solids from trickling fil- 
tration, and 5 per cent waste activated 
sludge solids. 


consist 


Two identical sludge digesters were 
used in conducting the experiments, 
one of which served as a control. Each 
digester was 100 ft in diameter, 25 ft 
deep at the side walls, and was provided 
with a fixed concrete roof. The total 
capacity of each digester was 200,600 
eu ft and the working capacity was 
180,000 en ft. 
were not stirred during this test. 
were heated with hot 
through 6-in. pipe coils. 


The digester contents 

The 
water 
The quantity 
of sludge pumped into each digester 
was measured by Venturi meters, which 
were provided with indicating-record- 
ing-registering equipment. The volume 
of gas produced was metered, 


digesters 


These 


volumes not corrected for tem- 
perature and pressure. The tempera- 
ture of the sludge in the digesters was 
determined by recording thermometers. 
Samples of the sludge added to or re- 
moved from the digesters were col- 
lected at frequent intervals and com- 
posited for total and volatile solids de- 
terminations. 

The experiment was conducted dur- 
ing six irregularly spaced operating 
periods covering a total elapsed time 
of 14 months. During each period the 
liquid load introduced into the control 
digester was maintained at 90,000 gpd. 
The procedure in operating this tank 
consisted of draining off 90,000 gpd of 
digested sludge either through the 10- 
in. draw-off pipe at the bottom of the 
tank or through one of the sluice gates 
at the side of the tank. An equal quan- 
tity of raw sludge was then pumped 
into the digester over a period of about 
1144 hr through pipes in the roof. 
Since the percentage of volatile solids 
in the raw sludge varied daily, the 
organic load introduced into the di- 
vester was not constant. The average 
load during the six operating periods 
varied (Table VI) from an average 
minimum of 22,900 lb of volatile solids 
per day 0.127 Ib/day/eu ft of 
digester space to an average maximum 
of 26,200 Ib/day or 0.145 lb/day/cu 
ft of digester space. The temperature 
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TABLE VI.—Operating Data from Full-Scale Tests 
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in the digester ranged from a minimum 
of 79.5 to a maximum of 93.5°F. The 
volatile solids in the digested sludge 
withdrawn from the tank ranged from 
55.2 to 59.3 per cent, on the dry solids 
basis. 

The test digester was identical in 
design with the control unit. A steel 
tank with a diameter of 9 ft 6 in. and 
a working depth of 4 ft 3 in. was 
erected adjacent to and used in con- 
junction with the operation of the test 
digester. Raw and digested sludges 
were pumped into this tank, thoroughly 
mixed by a motor-operated mixer op- 
erating at 420 rpm for several minutes, 
and delivered by gravity into the di- 
gester through pipes in the roof. 

The operation of the test digester 
was similar to that of the control. A 
predetermined amount of digested 
sludge was removed each day from the 
digester. Then, as raw sludge was 
pumped into the mixing tank, digested 
sludge was drawn at the same rate from 
the digester and pumped back into the 
mixing tank, where the two sludges 
were mixed before they discharged into 
the top of the digester. 

During the first 52 days 90,000 gal 
of raw sludge, which were premixed 
with 90,000 gal of digested sludge, were 
introduced each day into the test di- 
gester. During this period there was 
not a great deal of difference in the 
performance of the test digester and 
the control, which received the same 
amount of raw sludge and to which 
no digested sludge was added. There 
was a slight difference in the volatile 
solids in the digested sludges with- 
drawn from the two tanks. The sludge 
drawn from the control contained 59.3 
per cent volatile solids and the sludge 
drawn from the test digester contained 
57.6 per cent, on a dry weight basis. 

During the second digestion period 
of 39 days, the liquid load added to 
the test digester was increased from 
90,000 to 112,500 gpd, an increase of 
25 per cent, and the volatile solids load 
was raised from 25,700 to 30,400 lb/ 
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day, an increase of 18.3 per cent. In 
spite of this greater load the volatile 
solids in the digested sludge drawn 
from the digester were 54.4 per cent 
on the dry weight basis as compared 
with 55.2 per cent in the sludge pro- 
duced by the control. At regular inter- 
vals thereafter the liquid load added 
to the test digester was increased to 
120,000, 135,000, 144,000, and finally 
during the last period to 153,000 gpd, 
during which time the organic load 
averaged 42,610 Ib/day or 0.236 lb/ 
day/cu ft of digester space. The vola- 
tile solids in the digested sludge drawn 
from the two digesters during this pe- 
riod were comparable, amounting to 
57.7 and 58.2 per cent, respectively. 
That decomposition was much more ac- 
tive in the test digester than in the 
control is indicated by the quantities 
of gas produced by the two tanks. The 
control digester produced 181,240 cu 
ft/day of gas and the test digester, 
244,270 cu ft/day, an inerease of about 
35 per cent. With a loading of 153,000 
gpd the theoretical time that the sludge 
remained in the tank was 8.8 days. As 
the digester had not been cleaned since 
December 1947, there was undoubtedly 
some accumulation of inert material in 
the tank, and consequently the diges- 
tion period was most likely somewhat 
less than 8.8 days. 

Later experiments in which the 
sludge loadings to the digester were 
increased to 162,000 gpd indicated that 
the digester was at approximately its 
maximum operational limit at a load- 
ing of 153,000 gpd. 


Discussion 


The foregoing laboratory and plant- 
scale experiments have demonstrated 
the importance of the quantity of seed- 
ing material when premixed with raw 
sludge on the stimulation of high-rate 
sludge digestion. The laboratory ex- 
periments indicated that when one-half 
part by weight of digested volatile sol- 


ids was mixed with one part of raw 
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volatile solids and maintained at 37°F, 
about 26 days were required for the 
mixture to digest. This digestion time 
is comparable with that observed by 
other investigators when a similar ratio 
of the two materials is used. However, 
when the quantity of seeding material 
was increased by 100 per cent so that 
the digested solids to raw solids ratio 
was 1 to 1, the period required to di- 
gest the sludges was reduced to 8% 
days. 

The field experiments conducted at 
the Back River treatment plant using 
a digester with a working capacity of 
180,000 eu ft indicated that satisfactory 
digestion could be obtained in about 
9 days when equal volumes of raw and 
digested sludges were thoroughly pre- 
mixed before they were introduced into 
the digester. 

These experiments point to the faet 
that by thoroughly premixing raw and 
digested sludges in properly controlled 
amounts before introduction into a di- 
gester, a more rapid rate of digestion 
can be accomplished. The obvious ad- 
vantages of increased capacity and de- 
sign economy are evident. 

The equipment required to accom- 
plish these results is minimum. Two 
meters are required to measure the raw 
and the digested sludge, a tank with 
a detention period of about 5 min, and 
a mixer are needed. Automatic regu- 
lation equipment can be used to con- 
trol the ratio of the quantities of sludge 
flowing through the two meters. 

These experiments have reemphasized 
the importance of inoculating raw 
sludge to speed digestion. In 1914 
O’Shaughnessy (6) indicated that di- 
gested sludge was pumped into a pipe 
line at Birmingham, England, through 
which raw sludge flowed, for the pur- 
pose of inoculating the latter material. 
In this same year Imhoff and Blunk 
(7) were granted a German patent, 
which involved the mixing of raw and 
digested sludges to promote the decom- 
position of raw sludge. Later Blunk 
and Priiss (8) were granted a German 


: 
| 
3 
= 
: 
: 
: 
: 
Ln 


Vol. 31, No. 4 


patent, which covered circulating sew- 
age sludge from the bottom to the top 
of a digestion tank. The equipment 
used for this purpose consisted of a 
vertical pipe suspended in the center 
of a digester. The bottom, or suction 
end of the pipe, which was open, termi- 
nated just above the tank floor. In the 
top of the pipe at the surface of the 
sludge was a motor-operated impeller. 
By operating the impeller, sludge could 
be drawn from the bottom of the tank 
and discharged radially outward over 
the surface of the sludge. By this 
means the tank contents could be cireu- 
lated and at the same time some mixing 
of the raw and the digested materials 
would result. This pump was installed 
in a digester and tested (9) in 1932 and 
1933 at the Back River sewage treat- 
ment works and it was concluded that 
sludge digestion was not accelerated. 
Since the Blunk-Priiss patent was 
granted and exploited, numerous other 
methods have been used to stir the 
contents of digesters. The extent to 
which the use of all the foregoing ideas 
has hastened digestion is open to ques- 
tion. As late as 1956, Imhoff (10) 
stated that the digestion of sludge takes 
30 days at 27°C and a_ somewhat 
shorter time at 37°C. As described 
herein, two considerations seem im- 
portant: (a) the importance of the 
quantity of seed material used to in- 
oculate raw sludge is emphasized, and 
(b) the importance of sludge mixing 
is in evidence. 

It is not enough to bring raw and 
digested sludges in contact with each 
other if high-rate digestion is expected. 
It is important to know the quantities 
of these materials to be mixed. It is 
also desirable to know the amount of 
volatile solids in each of the sludges. 
Using these data as a guide, the op- 
erator can then predict how long di- 
gestion will take at any temperature. 

With regard to the inoculation of 
raw sludge with digested solids, it 
is essential that the bacteria in the 
ripe sludge be diffused and brought 


SLUDGE DIGESTION 


397 


into intimate contact with the entire 
volume of raw sludge. It is question- 
able whether this can be done effectively 
by pumping the two materials through 
the same pipe line or by circulating 
the contents of a digester by means of 
a Blunk-Priiss pump or similar device. 
Raw sludge contains many materials 
that resist normal mechanical disinte- 
gration processes. The mixing equip- 
ment, therefore, must be such that the 
solids in the raw sludge are at least 


partially disintegrated and impreg- 
nated with seeding material. If this 


mixing is performed outside the di- 
gester, samples of the mixture can be 
obtained before it enters the digester 
and it can be determined whether the 
sludge is thoroughly mixed. Mixing 
the sludges outside the digester has 
another advantage; the mixture can 
be introduced at one or more places 
near the top of the digester. The di- 
rection of flow of the mixture will, in 
general, be downward inside the di- 
vester, and at the end of the digestion 
period the ripe sludge with the greatest 
age, solids content, and stability can 
be withdrawn from the bottom of the 
digester. If, however, the sludge in the 
digester is circulated or overturned by 
a mixing device in the tank, the with- 
drawn material will include undigested 
and partially digested solids. 


Conclusions 


The following conclusions have been 
drawn from the digestion experiments : 


1. The proportionate quantity of di- 
gested sludge used to seed raw sludge 
has an important bearing on the rate 
of digestion of the raw solids. 

2. Intimate mixing of digested and 
raw sludge is important to the diges- 
tion rate. 

3. Raw solids can be digested in 
about 10 days if the weight ratio of 
digested volatile solids to raw volatile 
solids in a digester mixture is main- 
tained at 1 to 1. 
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4. It was observed that more gas was 
produced per unit weight of raw vola- 
tile solids as the ratio of digested 
solids to raw solids was increased. 


When using the principles of pre- 
mixing of digested with raw sludge 
and in order to attain a predetermined 
digestion time it is important to main- 
tain quantity control of the mixture 
of digested and raw sludges. Deter- 
mining the necessary facts and evalu- 
ating them for this control is as im- 
portant in the operation of sludge 
digesters as determining and control- 
ling the temperature of the sludge 
undergoing digestion. 

Application has been made for a 
United States patent involving the 
ideas contained in this discussion. 
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SHORT COURSE 


The Civil Engineering Department of Manhattan College is again 
offering a one-week course to present the fundamentals of bio-oxidation 
to provide the basis for use in the analysis, design, and operation of 


biological waste treatment facilities. 
on Bio-Oxidation of Organic Wastes, Theory and Design.”’ 


This is titled ‘‘The Fourth Course 


Emphasis 


will be placed on applications of these principles to domestic sewage and 


several industrial wastes. 
Manhattan College. 


The five-day course will be June 15-19 at 
The fee is $100. 


Address all correspondence to: 


W. Wesley Eckenfelder, Jr., Civil Engineering Department, Manhattan 


College, New York 71, N. Y. 
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ECONOMICAL PRACTICES IN THE ACTIVATED 
SLUDGE AND SLUDGE DIGESTION 
PROCESSES * 


By Ricuarp H. GouLp 


Associate, Greeley and Hansen, Engineers, Chicago, Il. 


struction cost reduction appears 
others will follow in early issues 


This is one of four papers collectively forming a sewage treat- 
ment cost reduction symposium. Others deal with construction, 
operation, and over-all regulatory considerations. 


of THIS JOURNAL. 


The paper on con- 
on page 406 of this issue. The 


It is believed that there is now 
enough operating experience to justify 
the statement that considerably higher 
unit loads can be safely applied to two 
major parts of sewage treatment 
plants. These are the facilities re- 
quired for treatment by the activated 
sludge process and those required for 
the digestion of sludge. For each 
part, so-called conventional or stand- 
ard unit loads have been stated in 
manuals of State Health Departments 
and are used extensively today in sew- 
age treatment and sludge disposal de- 
sign. 

In the case of activated sludge 
treatment, conventional design is il- 
lustrated by a displacement period ef 
mixed liquor of about 6 hr, with a 
mixed liquor suspended solids of about 
1,500 ppm or more, and a daily load 
of 25 to 30 lb of applied BOD per 
1,000 cu ft of aeration tank (1). By 
modifying the operational design, the 
size of the aeration tanks may be re- 
duced as much as 60 per cent without 
lowering treatment efficiency (2). 

In the ease of sludge digestion, con- 
ventional design may be illustrated by 


* Presented at the 31st Annual Meeting, 
Federation of Sewage and Industrial Wastes 
Assns.; Detroit, Mich.; Oct. 6-9, 1958. 


a unit load of 2.0 to 3.0 lb of applied 
solids per cubic foot of tank volume 
per month. Improvements in opera- 
tional design may permit an increase 
of about three times these loadings. 

It is emphasized that facilities for 
activated sludge and sludge digestion 
are but parts of a treatment plant and, 
as such, can be affected by imperfec- 
tions in other portions of the plant. 
For example, inability to remove 
solids when required, as a result of 
improper functioning of final settling 
tanks, may cause a good aeration sys- 
tem to be ineffective. Faulty sereen- 
ing or grit removal may make digester 
operation more difficult. Reliable 
methods of ultimate sludge disposal 
are essential for all elements. Sewage 
characteristics may vary greatly in 
different locations. The effects of eli- 
mate, the required degree of treat- 
ment, and possibilities for final sludge 
disposal must be considered. In sum- 
mary, consideration must be given to 
the proper relation of the various 
plant elements as well as variations in 
sewage and external factors. 

True advances in practice are often 
slow in development and result from 
much experimentation and in refine- 
ments based on actual operating ex- 
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perience. Performance under full- 
scale operation is the ultimate test. 
A treatment process must be stable, 
susceptible to simple control, and pro- 
vide easy maintenance of equipment. 
Operating routines should be simpli- 
fied to the maximum possible extent. 
Stability of results and in operating 
procedures are necessary for any 
soundly designed process. 


Sludge Age 


basis for 


The 


methods of 


improvements in 
treatment by activated 
sludge is to be found in a better un- 
derstanding of the fundamental proc- 
ess. The basic principles are quite 
simple. Under conditions, a 
well-conditioned activated sludge will 
abstract the suspended, colloidal, and 
soluble from 


aerobie 


organics sewage in 30 


min or less. 


The abstracted materials 
are attached to the mass of activated 
sludge, but portions of them, particu- 
larly those synthesized from the solu 
ble organics, have poor settling quali- 


ties. To avoid excessive carry-over of 
poor settling material into subsequent 
phases of the process, it is necessary to 
subject them to a prolonged period of 
aerobic biological action, sufficient to 
alter their physical properties so that 
they will settle readily. It has been 
found that the freshly abstracted ma- 
terials must be held in the aeration 
system, on the average, for 3 to 4 
This consideration led to the 
‘sludge age’’ theory (2) (3). 

For practical operating control, it 
is necessary to relate the mass of solids 
in an aeration tank to the incoming 
load so that the sludge will maintain 
its ability to treat the sewage while 
retaining good settling qualities in the 
final tanks. One method is to divide 
the weight of the solids in the aeration 
tank by the daily weight of incoming 


days. 


‘ 


suspended solids to give a sludge age 
in days. This is convenient, as the de- 
termination made in a few 
hours. Its accuracy as a measure of 
time will vary with the composition of 


can be 
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the sewage. Perhaps 20 to 30 per cent 
of the solids are destroyed by pro- 
longed aeration. This is counter- 
balanced, in part, by the conversion of 
soluble BOD to suspended solids that 
are not recorded as incoming sus- 
pended solids. Where the numerical 
values of BOD and suspended solids 
are about equal, the suspended solids 
figure should closely approach the 
true sludge age. Where there are 
high values of soluble BOD, it is 
better to base the solids level in the 
aeration tanks on the basis of the 
load of the incoming BOD rather than 
that of the suspended solids. Within 
the range of Haseltine’s recommenda- 
tions (4) it was suggested that there 
should be 100 Ib of aeration tank 
solids for every 30 Ib/day of applied 
BOD load. This is equivalent to a 
3.33-day BOD sludge age and is basi- 
cally the same criterion. 


Application of Sludge Age 


In the applications of the principles 
outlined above to the conventional ac- 
tivated sludge flow pattern, it will be 
found that, with normal sewage 
strengths and other usual procedures, 
the aeration period will approach the 
six hours called for in many design 
guides. If, however, part of the aera- 
tion tank is devoted to the aeration of 
sewage and sludge mixtures at solids 
concentrations higher than that of the 
aeration tank effluent, the requisite 
mass of solids can be kept in the sys- 
tem, the same effluent concentration 
maintained, and satisfactory perform- 
ance accomplished with tanks of much 
smaller volume. 


Step Aeration 


The first application of these princi- 
ples was in the step aeration method 
(5), first used in the Tallmans Island 
Plant in New York City in 1939. 
Since then, New York has built or re- 
vised six other plants incorporating 
this principle. The usual New York 
City aeration tank has four passes, or 
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channels. Return sludge flows through 
all passes in series, and sewage may be 
added, in the proportions desired, at 
the head end of any or all of the 
passes. The greatest air demand oc- 
curs when sewage comes in contact 
with the sludge; therefore, to equalize 
air use, sewage is applied to as many 
passes as practicable, consistent with 
the tank volumes available and the 
effluent concentration desired. Should 
the sludge index begin to deteriorate, 
sewage inlet gates are adjusted to 
shift the sewage application toward 
the effluent end. This reduces the ef- 
fluent concentration so that the more 
voluminous sludge oceupies no more 
space than the sludge of better 
quality, and it is therefore not neces- 
sary to adjust the rate of sludge re- 
turn. This procedure simultaneously 
increases the time of sludge reaeration 
and usually results in a_ restored 
sludge index. 

This is in marked contrast to the 
early years of operation at the Wards 
Island Plant, under the more rigid 
pattern of the conventional flow sheet, 
when a downward spiral of deterior- 
ating results sometimes occurred. 
When deterioration occurred, sludge 
would oceupy more space in the final 
tanks. Increased return rates for the 
more voluminous sludge would lower 
sludge concentrations and the deten- 
tion time in the aerators, resulting in 
further impairment of sludge quality. 
The continuation of this course would 
eventually require the bypassing of 
part of the load or the wasting of 
solids from the system prior to start- 
ing anew. Since the installation of 
step aeration and the modification of 
the final tanks, average flows 25 per 
cent above design capacity have been 
treated readily, while using only one- 
half of the aeration tanks. Effluents 
have been as good or better and of 
more uniform quality than those se- 
cured under the original system. 

While step aeration is the earliest 
of the complete processes that permit 
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a large reduction in aeration tank vol- 
ume, there are other methods being 
used in full-scale operation. These in- 
clude the Biosorption method (6), 
developed at Austin, Texas, another 
method discussed by Eckenfelder and 
O’Connor (7), and the methods de- 
veloped by Kraus at Peoria (8). 


Biosorption 


The Austin development was an in- 
teresting solution to a difficult prob- 
lem. From its performance records, the 
system was using a 3.5-day BOD 
sludge age and a sewage-sludge dis- 
placement period of 37 min. The pro- 
portions of sludge reaeration and 
sewage-sludge contact periods are al- 
most identical to a step aeration in- 
stallation, where all sewage is added 
to the fourth or last pass. If a single 
point is used for sewage application, 
there is no way to adjust for changing 
loads and changing sludge condition, 
except by the frequently cumbersome 
procedures of the conventional method. 
At the Hunts Point Plant in New 
York City, two passes are used for 
sludge reaeration and two passes for 
sewage-sludge contact. The quantity 
of air used in the latter two passes is 
twice that required for the sludge re- 
aeration passes. With a sewage-sludge 
contact in one pass only, there may 
be a problem of meeting the air re- 
quirements of a sewage with a high 
oxygen demand. Thus, there is little 
margin to assure uniform results, 
under variable conditions. 


Kraus Method 


In meeting his problems at Peoria, 
Kraus (9) added new concepts. In ad- 
dition to sludge reaeration and a short 
sewage-sludge contact period, he 
added digested sludge to the activated 
sludge being reaerated. The digested 
material, with part of the volatiles 
destroyed by anaerobic action, and 
after a substantial period of aeration, 
is effective in the sewage purification 
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process. It adds weight to the acti- 
vated sludge and results in a good 
sludge index and simplifies the prob- 
lems of the final settling tanks. In 
order to meet a problem of high unit 
air use economically, this procedure 
supplied air to both sides of an aera- 
tion tank. This method needs con- 
firmation for application to sewages 
and problems less difficult than at 
Peoria, but where effluent standards 
must be higher. 


Air Considerations 


The volume of air required for the 
activated sludge process is related to 
the amount of BOD to be removed. It 
also appears that relatively more air 
is required to remove those parts of 
the BOD that are soluble, as this is 
done by incorporation in_ biological 
structures. There are also practical 
limits to the amount of air that may 
be usefully applied per linear foot of 
aeration tank. When unit demands 
are high, this may be a limitation on 
the extent to which aeration tank vol- 
ume may be reduced. 

The efficiency of air use may be in- 
fluenced by the type and location of 
diffusion media. Quite aside from 
these considerations, however, there is 
a clear indication that, as the BOD 
loading per unit volume of aeration 
tank is increased, there will be a cor- 
responding increase in the efficiency 
of air utilization. This is not a 
straight line function, but, as sug- 
gested by Torpey (10), varies more 
nearly as the reciprocal of the square 
root of the unit BOD loading. For ex- 
ample, if the unit BOD loading is in- 
four times, the air use per 
pound of BOD may be halved. The 
use of methods to accomplish the same 
work in 


creased 


tanks of smaller size would 
thus have merit, not only in the re- 
duction of capital costs, but also in 
reduced operating costs for air com- 


pression. 
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Settling Tank Design 


The effectiveness of any aeration 
system, be it conventional or any of 
the modifications mentioned above, is 
dependent on the effectiveness of the 
final settling tanks. The separation 
of the large mass of flocculent acti- 
vated sludge carried by the mixed 
liquor bears no relation to the separa- 
tion of the more granular solids in the 
primary tanks. These flocculent solids 
quickly unite to form density currents 
that flow along the tank bottom with a 
velocity of 5, or more, fpm. An ob- 
structing wall will deflect them up- 
ward and cause them to return, at a 
slower rate, along the surface. The 
volume of the flowing sludge blanket 
may be 25 per cent or more, at index 
concentration, of the sewage being 
treated. The usual type of collector 
mechanism does not have the capacity 
to handle this volume, therefore the 
removal of sludge from the tank is de- 
pendent on hydraulic flow. In cirecu- 
lar tanks, with the sludge outlet at the 
center, the time required for the re- 
moval of some of the sludge is unduly 
long. As a result of this tendency 
there is equipment on the market de- 
signed to minimize this effect. In such 
tanks the effluent weirs must be care- 
fully located to avoid the effect of the 
upturn of the density currents. Simi- 
larly, in rectangular tanks, the point 
of sludge withdrawal should be placed 
at mid-tank, or beyond, so that the 
sludge will flow to it under its own 
weight, and without too much depend- 
ence on the removal mechanism. 

The burden on the final tanks is 
proportional to the mass and condi- 
tion of the solids that pass through 
them. Thus, the concentration of 
solids in the aeration tank effluent, 
the sludge index, and the rate of 
sludge return all have a bearing on 
the performance of any particular 
final settling tank. The aeration sys- 
tem must be proportioned to hold the 
requisite mass of activated sludge, but 
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the sludge concentration of the aera- 
tion effluent is limited by the form and 
utility of the final tanks. 


Digester Design 


Advances in sludge digestion, as is 
true in treatment by activated sludge, 
have been based on a clearer under- 
standing of fundamental considera- 
tions. Pilot plant work by Torpey 
(11), and Morgan (12), and labora- 
tory work by Sawyer et al. (13), 
among others, make it clear that the 
rate of activity of anaerobic biology, 
under controlled conditions, is rapid 
and quite comparable to aerobic or- 
ganisms. In the past, this fact has 
been masked by the nature of the 
structures provided for sludge diges- 
tion and by the character of the ma- 
terials to be digested. The material 
going to digestion tanks includes some 
substances that will float and others 
that will sink. Of the floating ma- 


terials, including greases, only part 


are capable of being digested, and the 
remainder will collect at the surface 
in the form of a scum blanket. There 
usually are large areas of tank bottom 
left essentially undisturbed by sludge 
removal operations. In these areas, 
sludge is deposited and permitted to 
consolidate to form inert masses which 
actually reduce tank capacity. It is 
reported that the loss of effective di- 
gestion capacity from these two causes 
often amounts to two-thirds of the 
original tank volume. 

Torpey (11), Morgan (12), and 
Sawyer et al. (13) have shown that 
nearly 90 per cent of the total possible 
gas production can be expected during 
a 6-day digestion period. This is not 
the basis for design, but is an indica- 
tion of the rate of activity. Actual 
tank volumes required to provide a 
specific displacement period depend 
on the concentration of the applied 
sludge. Thus, in efforts toward better 
use of digestion tank volumes, the use 
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of specially designed sludge thicken- 
ing tanks is becoming more common. 


Recommendations for Improvements 


The requirements for the best utili. 
zation of sludge digestion tank vol- 
umes and hence a much smaller instal- 
lation, may be summarized as follows: 


1. The maintenance of uniform tem- 
peratures near 90°F. 

2. The maintenance of alkalinity in 
excess of 2,000 ppm, which will occur 
naturally with the denser raw sludges. 

3. The feeding of raw sludge as 
continuously as practicable, to keep 
the bacterial population at uniformly 
high levels. 

4. The thickening of raw sludge to 
maximum feasible concentrations up 
to 10-per cent solids—beyond this con- 
centration the sludge becomes difficult 
to handle. 

5. The provision of means for the 
prevention of dense scum _ blankets. 
This means periodic removal of top 
scum, or its incorporation in the mass 
of digesting sludge. 

6. The provision of means for pre- 
venting bottom deposits, either by 
multiple outlets or by induced cur- 
rents. 

7. The circulation of the contents 
within the digester to distribute fresh 
solids quickly throughout the tank. 


Meeting the requirements _ listed 
above will permit the safe loading of a 
primary digestion tank with raw solids 
at a rate of over 8 lb/cu ft of tank 
volume per month. This is three or 
more times the loading previously con- 
sidered suitable. 


New Considerations 


The essential new considerations in- 
volved in improvements in sludge di- 
gestion are the methods of assuring 
substantial homogeneity of the tank 
contents, thus making the best use of 
the space that is available. There are 
a number of available devices that 
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have been designed for this purpose. 
Some are proprietary and others are 
not. 

One good example, in the latter 
category, is in the primary digesters 
of the Nut Island Plant in Boston. 
Here, the two 108-ft diameter tanks 
are each provided with four 2-in. 
nozzles fixed to a tank cover above the 
water surface. About 1,000 gpm of 
digester liquor is circulated through 
the four nozzles, impinging on the 
scum layer in such a manner as to 
cause a rotation of the tank surface. 
As a result, the scum layer is kept in 
a soft and fluid condition. Periodi- 
cally, the undigestible scum, which has 
accumulated, is drawn off through 
pipes. This is possible because of the 
fluid condition of the scum. Each 
tank is provided with four points of 
sludge withdrawal, so that bottom de- 
are minimized. While these 
tanks now operate at about half the 
safe loadings suggested above, there 
is every indication that they could 
handle the higher loadings, particu- 
larly if the applied raw sludge were 
at higher concentrations. 

There are a number of proprietary 
devices available for better tank utili- 
zation, some of which have yet to be 
proved by extended operating experi- 
ence. Among these devices is a draft- 
tube mixer.* This unit draws the 
scums and liquor from the top, in 
large volumes, and discharges the flow 
near the bottom in such a way as to 
keep the bottom sludge agitated and 
in motion. Scum layers are removed 
and the undigestible scum is kept 
mixed with the tank contents and 
passes off with the digested sludge. 
The mixing within the tank is 
thorough. A limited range in water 
level is important for the best opera- 
tion of these units. 

Another devicet forces digester gas 


posits 


* Manufactured by Dorr-Oliver Inc., Stam- 
ford, Conn. 

+t Manufactured by 
Chicago, Tl. 


Chicago Pump Co., 
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through diffuser tubes in the center 
of the tank near its bottom. The ris- 
ing gas creates currents vertically up- 
ward in the center, radially outward 
at the top along the water surface, 
downward at the side walls, and across 
the bottom to the center. These cur- 
rents bring about a good mixing of 
the tank contents and tend to mini- 
mize bottom deposits. 

An air lift, operated by digester 
gas*?, is placed in the center of the 
tank, and causes a similar pattern of 
circulating currents. 

Another system § uses com- 
pressed digester the moving 
force. In this method, gas is injected 
at a moderate depth at several points 
spaced over the tank area. At each 
point there is a rising current with 
horizontal dispersion at the top. It 
is reported that these currents result 
in adequate mixing in the upper part 
of the tank and reduce scum forma- 
tion near the points of gas applica- 
tion. 

None of the devices using gas for 
digester mixing make provision for 
the removal of that part of the scum 
which will not digest. Supplementary 
means may be required for this opera- 
tion. 

When primary digestion tanks are op- 
erated with concentrated raw sludges, 
the effectiveness of secondary diges- 
tion is greatly diminished. If the 
maximum of liquor is extracted from 
the raw sludge, by sludge thickening 
methods, it is found that very little 
more can be decanted from the 
ondary digestion tanks. This is par- 
ticularly true if solids from secondary 
treatment are present. Secondary di- 
gesters lose effective capacity from the 
accumulation of undigestible secums 
and bottom deposits. Agitation to 
correct these conditions will preclude 
any possibility of further liquid sepa- 
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sec- 


t Manufactured by Walker Process Equip- 
ment, Inc., Aurora, Il. 

§ Manufactured by Pacific Flush Tank Co., 
Chicago, 
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ration. As a_ possible alternative, 
smaller storage tanks may be substi- 
tuted for secondary digestion tanks, 
depending on operating circumstances 
and on the method of final sludge dis- 
posal. 
Summary 
Current practice in sewage disposal, 
as acceptable to control agencies such 
as state health departments, is out- 
lined in standards established by many 
such departments. As brought out in 
this discussion, many of these stand- 
ards recommend the sizes for aeration 
tanks to be more than twice as large 
and digestion tanks to be more than 
three times as large as are necessary 
under today’s well established meth- 
ods and principles of design and op- 
eration. While existing standards 
serve a useful purpose, there is always 
the danger of their tendency to limit 
imagination and initiative in design 
practice. However, regulatory agen- 
cies have generally given sympathetic 
consideration to the use of advanced 
practices. 
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ECONOMICAL PRACTICES IN SEWAGE TREATMENT 
PLANT CONSTRUCTION * 


By ALFRED W. SAWYER 


Partner, Hazen and Sawyer, New York, N. Y. 


ment cost reduction symposium. 
tions. 


issues of THIS JOURNAL. 


This is one of four papers collectively forming a sewage treat- 
Others deal with activated sludge 
and digestion processes, operation, and over-all regulatory considera- 
The paper on activated sludge and digestion processes ap- 
pears on page 399 of this issue. 


The others will follow in early 


Sewage treatment plant construc- 
tion is usually expensive and the 
present trend toward better treatment 
of wastes in order to preserve the na- 
tion’s health and conserve its natural 
resources is slowed by high costs. 
There is no magic formula for re- 
ducing these costs. Therefore, most 
of this paper will be limited to a re- 
view of some of the real approaches 
that can be made to the problem. 


Preliminary Planning 


Careful planning by both the engi- 
neer and the contractor can do much 
to reduce the costs, but it should be 
recognized that the cost is substanti- 
ally determined before the contractor 
moves onto the job. 

Construction cost starts at the de- 
signer’s desk and on the drafting 
board. Before the treatment plant can 
be designed it is necessary to know 
what job is to be done, what area 
is to be served, and what is to be 
treated, both as to quantity and con- 
stituents. 

Domestic wastewater is fairly well 
fixed as to character, with the ex- 
* Presented at the 31st Annual Meeting, 


Federation of Sewage and Industrial Wastes 
Assns.; Detroit, Mich.; Oct. 6-9, 1958. 
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ception of the recent complications 
caused by detergents and garbage 
grinders. Industrial wastes, on the 


other hand, cover a wide range both 
as to quantity and quality, and they 
may change frequently and rapidly, 
owing to changes in industrial proc- 
esses, and/or daily operational fluctu- 
ations. In some municipal sewer sys- 
tems industrial flows are minor in 
quantity and strength, while in others, 
they assume major proportions. 


Sewer System 


If the wastewater treatment plant 
is to perform its proper functions, a 
careful study of the load to be han- 
dled is needed, including the best pos- 
sible estimate for the future. If there 
are existing sewers, general review of 
their condition and the flows they 
carry is important. It is helpful to 
know whether there is excessive infil- 
tration, or whether there are so-called 
bootleg storm drainage connections 
into sanitary sewers. The construc- 
tion cost of capacity to treat flows 
that should never be allowed to reach 
the treatment plant frequently is more 
than the cost of eliminating major of- 
fenders. In addition, treatment of 
such flows is a continuing expense. 
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Therefore, it is better to investigate 
the possibility of eliminating the 
source of excess flow rather than to 
provide treatment facilities for it. 
There is a parallel to this in the water 
industry. Many water supply systems 
have, in effect, realized substantial in- 
creases in the capacity of their supply 
works by reducing the amount of un- 
accounted-for water in the distribu- 
tion system. The same reasoning ap- 
plies to the wastewater end of the 
cycle. 


Industrial Wastes 


Next in the review of flows to be 
handled are the industrial contribu- 
tions and any other unusual loads. At 
this point a review of the existing 
sewer rules and ordinances is in order. 
It is desirable to know whether they 
are up-to-date and whether they will 
cover conditions prevailing when the 
plant is placed in service. Other data 
needed are (a) the policy toward 
garbage grinding, (b) whether sewer 
charges are set up in a manner that 
will insure an equitable distribution 
of construction and operating costs 
for the new plant, and (c) whether 
excessively low or high pH, toxic or 
other unusual wastes are to be ex- 
pected. 

Disruption of treatment plant proc- 
esses by industrial wastes are not un- 
common. To provide for such antici- 
pated problems, preventive, rather than 
curative steps, are recommended. 
Planning for these problems before, 
rather than after, the plant is built 
ean precipitate changes in the treat- 
ment plant needs. Frequently an in- 
dustry faced with heavy charges for 
treatment in a municipal plant, or 
even in its own plant, will look to its 
housekeeping and find that in the 
drive for production the quantity and 
constituents of waste flows have been 
neglected. Occasionally it is found 
that valuable products or by-products 
are literally going down the drain to- 
gether with more than the necessary 
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amount of water, which in itself is a 
valuable raw material. Tightening up 
of processes, recovery systems, and 
pretreatment, including neutralization 
of some of the more critical wastes 
before discharging them to the sewer 
are on the increase in industry. For 
purposes of wastewater treatment 
considerations, whether this is done 
for economic or legal reasons is sec- 
ondary if the result is a smaller and 
more amenable load at the treatment 
plant. 

If industrial wastes are included in 
the flows to be treated, as much as pos- 
sible should be determined about them 
and their ramifications in advance of 
plant design. Plant capacity built to 
handle industrial flows, which are 
later reduced to save on sewer 
charges, can develop into a liability, 
since money has been spent on this 
capacity and revenues are less than 
expected. 


Type and Degree of Treatment 


Next comes consideration of the de- 
gree of treatment required and this is 
usually set by control agencies. While 
much has been done toward stream 
classification and workable rules, 
much remains to be done. There are 
cases where a man who dips a pail of 
water from a stream and then pours 
it back breaks the law because the 
stream itself cannot pass the require- 
ments set for effluents. If the dip is 
for one-pass condenser cooling by a 
large power plant, strict adherence to 
the law might require treatment of 
many million gallons per day before 
return to the stream. 

The degree of treatment should de- 
pend on the receiving waters. The 
range of conditions encountered varies 
from discharge through an outfall into 
deep waters of the ocean to discharge 
into a small stream where, in dry 
weather, the effluent represents a ma- 
jor portion of the flow. In the latter 
case, the many advantages of dilution 
are not available and a greater degree 
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of treatment may be required if good 
conditions are to be preserved down- 
stream during low flow periods. 

Upstream works for water supply, 
flood control, or stream regulation can 
change the picture and a searching 
look at conditions that will prevail 
in the receiving waters, together with 
the possible effect of these conditions 
on the requirements set by controlling 
agencies, should be made. 


The type of treatment always 
should be given careful appraisal. 
The favorable and unfavorable char- 


acteristics of the various types and 
their effect on plant costs have been, 
and always will be, the subject of 
many papers and discussions and it is 
a problem to keep abreast of recent 
developments. 


Where space allows, lagoons are 
finding more use and acceptance. An- 


other approach toward reducing cost 
is the use of ‘‘package’’ type plants 
which combine several operations in 
one unit. 

An important requirement is to 
make every effort to assure that the 
type of treatment chosen will work. 
In some cases where industrial wastes 
are involved, pilot plant studies are 
useful and may even be mandatory. 
The most expensive plant that can be 
built is the one that does not work, 
because its cost per unit of load treated 
reaches infinity. A plant that is too 
small is also very expensive because 
the money has been spent and the re- 
sults are inadequate. The plant that 
large represents money spent 
needlessly, and in addition, operation 
may be unwieldly and the effluent may 
even be inferior to that of a properly 
sized plant. 


is too 


Reduction of plant construction cost 
can be carried to extremes that result 
in excessive operating and mainte- 
nance expense. This would be short- 
sighted on the part of any municipal- 
ity but is sometimes found in industry 
where financial and tax manipulations 
may transcend the conventional ap- 
proach. 
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The Plant Site 


By their very nature, treatment 
plant sites often further the tendency 
toward high costs. They are relegated 
to low ground as an aid in getting 
flow to them and to get them close 
to the receiving waters. Being low, 
the plant then needs a defense against 
flood conditions. By being located 
near a body of water, foundations and 
ground water can be a greater than 
normal problem. 

When an existing plant is being en- 
larged there is little choice of site and 
the only advantage is that there may 
be records of subsurface conditions 
encountered when the original plant 
was built. The site for a new treat- 
ment plant should be given the same 
eareful scrutiny that most industries 
give to new sites. The additional costs 
of a longer trunk sewer might be more 
than offset by savings on a more de- 
sirable site. In addition, desirability 
for both immediate construction and 
future expansion should be taken into 
account. 

Another potential advantage of a 
longer trunk sewer can be the in- 
ereased area which can be served by 
the plant in the future. All too fre- 
quently the transition of farm lands 
into developed areas eventually ex- 
tends beyond the treatment plant, and 
sewage collection and treatment for 
these areas become expensive. 

When available sites and the con- 
tributing systems are studied, it may 
be found that pumping is necessary. 
In this event, a few more feet of 
pumping head may allow the major 
plant units to be set high enough to 
avoid the need for flood protection and 
to take advantage of better founda- 
tion conditions. If there are such 
potential advantages they must be 
weighed against the increased cost of 
pumping. 

On most plant sites subsurface in- 
vestigations are necessary. Sufficient 
test pits, and samplings 
should be made to determine not only 
the line of demarcation between rock 
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and unconsolidated materials but the 
nature of these materials, including 
the characteristics of clays; whether 
or not there are boulders, ground wa- 
ter levels and activity; and if quick- 
sand conditions should be expected. 

All of this information is helpful 
to the designer and whatever is col- 
lected should be shown on the plans to 
aid the contractors in making fair and 
balanced bids without heavy additions 
for contingencies. 

Most treatment plant structures de- 
velop relatively low unit loads on 
their foundations. An advantage can 
be taken of this effect in some cases 
where pile foundations might be indi- 
cated at first glance. A careful analy- 
the foundation materials and 
their unit and differential bearing ca- 
pacities, the weight of materials re- 
moved by excavation, and the manner 
in which the loading of new structures 
can be distributed may show that piles 
are not needed—and this can result in 
a major saving in cost. 


sis of 


Plant Arrangement 
General Planning 


Over-all planning and arrangement 
can do much to keep plant costs down. 
The first consideration is the princi- 
pal units of the process chosen, and 
the second is the connections between 
them. Unless the two are kept in 
‘balance the cost of the latter may be- 
come unduly high. Long piping or 
channel connections increase the cost 


excessively, particularly where the 
process requires reeyeling. <An_at- 
tempt should be made to arrange 


principal plant units in a reasonably 
compact grouping, and yet make al- 
lowance for working room, both during 
and after construction, and for future 
expansion with short, but not cramped, 
connecting lines. 

Before the preliminary layout of 
units has progressed very far, a proe- 
ess flow sheet is needed, and with this 
as a basis an inventory of the ‘con- 
necting lines between all units and 
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structures should be made. In addi- 
tion to main flow, returns, sludge, 
supernatant, and bypasses, this inven- 
tory should include heating, air, wa- 
ter, gas, chemical, electrical, and sig- 
nal lines. When they are all consid- 
ered, it may be found preferable to 
lengthen a large line in order to 
shorten a number of smaller ones. 

Study will usually reveal that 
valves and other controls can be 
grouped in common pits or chambers 
to avoid scattered installations, each 
with its problems of drainage and ven- 
tilation. In many cases short pipe 
tunnels can be used to advantage with 
the numerous lines racked where they 
are accessible for maintenance, clean 
out, and repairs, and even for subse- 
quent interconnection if future re- 
visions in the plant process are de- 
sired. 

Criss-crossing the main flow con- 
duits and numerous smaller lines at 
odd angles and elevations may save 
on footage, but high construction 
costs can result. Excavation for strue- 
tures and pipe lines normally is much 
wider than the usual limits of pay 
lines. It is almost impossible to leave 
narrow strips and fillets of unexca- 
vated material between trenches, and 
as a result scattered piping can mean 
virtual removal and rehandling of all 
material over a wide area. When con- 
sideration is given to the pattern of 
excavation and pipe laying required 
and the maintenance of access neces- 
sary for construction, the extra length 
of pipe needed for parallel and more 
orderly lines often is unimportant. 

Structures requiring complicated 
formwork may save concrete but do 
not necessarily save ultimate cost. 
Wherever possible, standardization to 
allow maximum reuse of forms is de- 
sirable. This can be applied by mak- 
ing circular tanks the same diameter 
and by standardizing manholes, cham- 
bers, and other smaller structures. 

It has been said that a consultant is 
a man who tells someone else how to 
do something he can’t do himself. 


“ab 
|| 
| 
coh 
iss 
| 
4 
“sa 
2 
28 
an 
EA 
3 


110 


This may be true if the designer takes 
the attitude of ‘‘let the contractor fig- 
ure it out.’’ The contractor, in turn, 
will add to his prices the cost of ‘‘fig- 
uring it out.’’ 

It is usually the contractor’s re- 
sponsibility to determine the manner 
in which he will approach the work, 
but the designer should always have in 
mind a reasonable approach and recog- 
nize that the plan he draws must be 
translated into finished structures 
while contending with the whims of 
nature, ground water, sliding banks, 
and the many other problems that face 
the contractor. 


Wet Conditions 


As previously mentioned, ground 
water on many sites increases the cost. 
This is especially true for deeper 
structures, such as grit chambers and 
pumping stations. Sheeting, bracing, 
and dewatering are all tedious and ex- 
pensive operations. There are many 
instances where design can allow for 
the use of a caisson as an alternate 
method of construction. Unfortunately, 
its possibilities are frequently ignored 
by the designer and not recognized by 
many contractors. 

With moderate care and without 
complicated equipment, a caisson can 
be dredged down in wet conditions 
and a bottom seal of conerete placed 
by the tremie method, thus eliminating 
the need for sheeting, bracing, and 
pumping. Familiarity with the basic 
method of placing tremie concrete is 
a prime consideration before attempt- 
ing such an operation. 

Typical examples of wet caissons 
which have been observed are several 
small pumping stations with inside 
diameters ranging from 8 to 20 ft and 
depths of 15 to 27 ft, mostly below 
water level; a grit chamber 20 ft in 


diameter and 25 ft deep; and a screen 
well with an inside diameter of 30 ft 
and a total depth of 45 ft, of which 


25 ft were below sea level. 
Cireular caisson construction is well 
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suited to deep structures since it gives 
a good distribution of wall loads and 
simple reinforcement requirements. 
Extra weight is often needed to pre- 
vent floating of deep structures, and 
if the caisson itself is not heavy 
enough to accomplish this, the weight 
of interior partitions and fillets can 
be used. Tremie concrete placed 
under water also can be useful for 
deep manhole bottoms and for other 
small slabs in low, wet locations. 

Another example of recognizing 
construction difficulties and designing 
to reduce them is in the selection of 
pipe for wet trenches. A pipe with 
joints that can be made up tight when 
wholly or partially submerged may 
cost more delivered to the trench but 
less when finally in place than pipe 
having poured or plastered joints. It 
always seems that the biggest problem 
with water is in the bottom one or two 
feet of trench, and this may result in 
hurried operations, not always success- 
ful, to get the pipe in and the joints 
made up before the trench floods. 
Therefore, laying the pipe in the wa- 
ter can simplify the job. 


New Trends 


A detailed discussion is not intended 
on the relative economies of various 
materials or shapes of structures. 
Many factors influence these selec- 
tions, and generalizations without de- 
tailed discussion are not practical. 
However, there constantly appear on 
the market materials and im- 
provements of applying both new and 
existing materials and techniques. It 
is advisable to follow the trends to 
keep abreast of the most economical 
practices. 

It may be mentioned that in addi- 
tion to conerete and steel tanks and 
combinations of these materials there 
has been increased use of earth em- 
bankment where space and _ suitable 
soils are available. <A eut and fill earth 
basin is inexpensive and circular 
basins can be equipped with conven- 


new 


= 
ae 
2 


Vol. 31, No. 4 


tional sludge collectors. However, a 
moisture sealing material is advisable 
since some difficulties have been ex- 
perienced in earth basins with no in- 
terior surface treatment. Other eco- 
nomical methods have included earth 
channels, some with light-weight, steel 
sheet piling sides. 


Extras 


The final step in the design stage is 
to make the plans and specifications as 
clear and concise as possible. If they 
are ambiguous, bidding contractors 
may either add to their prices for con- 
tingencies or put in low prices with 
the expectation of making up for them 
on extras. Obviously the latter ap- 
proach is the more common in the case 
of competitive bidding. 

A few reasonable and_ relatively 
small extras should be expected on 
any job to cover field changes and 
unusual site conditions encountered as 
the work progresses. The large extras 
are frequently of a type that could 
have been avoided if two or three ad- 
ditional borings had been taken or if 
a minimum of extra effort had been 
added to the plans and specifications. 


Schedule of Construction 


In scheduling construction it is 
often said, ‘‘We can take bids in the 
winter and have the contract awarded 
by spring so that the contractor can 
take advantage of the good summer 
weather.’’ Unfortunately, there fre- 
quently are delays before the contract 
is finally signed and weeks of good 
weather can be lost. More important 
is the lack of lead time allowed the 
contractor after award of the contract. 
He must schedule his work, arrange 
for his subcontractors, and get ma- 
terial and equipment to the site. All 
of this takes time and the time re- 
quired to process and check shop 
drawings is no small part of the total. 
Unless the job is a relatively small one 
the contractor may find himself just 
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getting underway with major concrete 
work when cold weather returns. 

For larger jobs, most contractors 
prefer to bid in the late fall so that 
the winter months can be used for 
organizing the job prior to a full con- 
struction schedule as spring weather 
permits. 

In some cases where major excava- 
tion or other earth moving is involved, 
a separate contract for a large part 
of this work can be let in advance of 
final completion of the plans. This 
allows the general contractor to start 
conereting operations almost as soon as 
he moves onto the site. 


Interest During Construction 


The financing of sewage plant con- 
struction is a subject in itself deserv- 
ing careful study and competent ad- 
vice. The only phase of financing 
mentioned here will be interest during 
construction, which is just as much a 
part of construction cost as steel or 
concrete. When it is required to have 
the bonds sold before a contract is 
awarded, interest during construction 
can amount to a sizable percentage of 
the total cost. Occasionally there are 
cases where the bond money has been 
reinvested at a profit, but these are 
the exception rather than the rule. 
Where possible, the financing of con- 
struction cost through most of the job 
by short term notes followed by sale 
of the bonds near the end of the work 
is fairly successful in reducing inter- 
est during construction. 


Construction 


If the contractor’s construction 
costs are to be kept down, the first and 
foremost requirement is for a good job 
superintendent. This does not neces- 


sarily mean a man who ean get by 
with the smallest payroll, but one who 
ean plan ahead and organize the work 
so that the right manpower and equip- 
and when 
there is a 


where 
is done, 


available 
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ment are 
needed. 
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lost motion and rehan- 
dling of materials. 

The superintendent also must be 
well versed in the labor laws and labor 
union matters. 

The contractor usually has the op- 
tion of selecting from several compar- 
able alternates for some of the equip- 
ment In making his selection, 
it is well to weigh not only the quoted 
price but the other elements of ulti- 
as well. These include the 
manufacturer’s reputation for the 
speed, accuracy, and thoroughness on 
shop drawings; for having the various 
pieces fit together when they are as- 
sembled; and for field service in the 
tune-up and adjustment stage. 

Although a review of the subject of 
equipment for improving construction 
methods with economy in mind is not 
presented, a few examples may empha- 
size the importance of this considera- 
tion. 

The electrie motor-driven 
pumps for construction work is on the 
increase as a cost saver, particularly 
where continuous pumping is needed. 
In addition to conventional, centrifu- 
gal, diaphragm, and vertical pumps 
there are a number of submersible 
pumps now available ranging in ¢a- 
pacity from a few to several hundred 
gallons per minute. 

Conveyor belts can be used to ad- 
vantage for some materials handling 
applications. On a recent job the con- 
tractor used a conveyor system to 
transport the crushed stone into two 
trickling filters. He was fortunate in 
that one side of the filters had been 
cut into a hill and he was able to use 
this for elevation from which to dump 
the stone into a hopper and _ over 
screens for final cleaning with gravity 


minimum of 


items, 


mate cost 


use of 


feed onto the belt conveyor system. 


The same contractor made unusu- 
ally careful layout drawings for all 
interior piping to permit a maximum 
amount of shop fabrication. Field as- 
sembly was then simple and rapid. 
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As a final example, a contractor de- 
vised a very good system of formwork 
for a ecireular conerete tank. Bow 
string trusses with double ply %-in. 
sheathing for the bow and double 
2 x 4’s for the chord were used as in- 
side wales. Doubled 34-in. sheathing 
also was used as the outside wales. 
Studs (2 x 4’s) and plywood sheath- 
ing completed the form. Each truss 
had an are length of approximately 30 
ft and the form was moved for reuse 
in 30-ft long sections. An interesting 
that when finished with 
them, the contractor sold the trusses 
at cost to someone who wanted them 
for roof trusses. 


sidelight is 


Conclusions 


Effective savings in the construction 
cost of sewage treatment plants are 
primarily functions of careful plan- 
ning and design. The quantity and 
character of flows to be treated should 
be known and this is of particular im- 
portance when industrial are 
involved. 

Careful selection of the plant site 
and the arrangement of units on the 
site can save money, particularly 
where foundations may be a problem. 

Design should recognize site condi- 
tions and the manner in which these 
conditions can be met efficiently by the 
contractor. The designer also must 
keep abreast of new developments and 
determine if they can be applied to 
the case at hand. 

Simple and functional design not 
only saves construction costs, but ex- 
operation and maintenance 
well. ‘‘Gingerbread’’ may 
look fine on the day the plant is dedi- 
cated, but it has no place in a sewage 
treatment plant and can become a lia- 
bility later. 

Throughout the planning it should 
be kept in mind that reducing quality 
to save cost is comparable to stopping 
the clock to save time. 
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CHEMICAL COMPOSITION OF THE PARTICULATE 
FRACTIONS OF DOMESTIC SEWAGE * 


By H. HEUKELEKIAN AND J. L. BALMAT 


Department of Sanitation, Rutgers University, New Brunswick, N. J. 


literature re- 
constituents of 


Information in the 
garding the organic 
sewage is meager. Buswell and Neave 
(1) reported on the soluble nitro- 
genous constituents of raw sewage. 
Pillai et al. (2) gave a detailed anal- 
ysis of the individual amino acid in 
raw sewage. Finally, Wuhrmann (3) 
gave some analyses of the nitrogen con- 
tent of Zurich sewage. 

It has been generally recognized 
that proteins, carbohydrates, and fats 
exist in sewage, but little is known as 
to the specific nature of these primary 
organic constituents. More detailed 
information than is at present avail- 
able regarding the specific chemical 
identity of the primary organic con- 
stituents is needed. 

This paper reports on the organic 
composition of the insoluble fraction 
of sewage in addition to the inorganic 
constituent of the insoluble, as well as 
the soluble fractions. The insoluble 
fractions of sewage solids have been 
considered in three groups: (a) the 
colloidal, (b) the supracolloidal, and 
(c) the settleable fractions. An at- 
tempt will be made to show whether 
there are seasonal variations in the 
chemical composition of sewage. 


Methods and Procedure 


Sewage was collected from a single 
municipal plant treating principally 
domestic sewage. The sewage was 
average strength. The samples were 
screened through a No. 20 sieve. All 

* Paper of the Journal Series, New Jersey 


Agricultural Experiment Station, Rutgers 
University, New Brunswick, N. J. 


sewage samples were taken between 9 
AM and 4 pm from Monday through 
Friday. 

The winter composite, taken from 
December 1 to January 26, consisted 
of 11 individual samples totaling 100 
liters. The volume of sample was pro- 
portional to the flow. The sampling 
schedule was arranged so that each 
hour of the day would be properly 
represented by the composite. 

The summer composite, collected 
from June 4 to September 8, consisted 
of 24 grab samples of 6 liters each. 
No samples were collected during pe- 
riods of high flow caused by rain. In 
this case both the hours of the days 
and the days in the week were stag- 
gered and equally represented in the 
composite. A separate composite sam- 
ple was collected during these months 
for mineral analysis because the neces- 
sary addition of reagents to the sam- 
ples for organic analyses made these 
samples unsuitable for mineral analy- 
sis. 

Choice of the method of separation 
(4) of the particulate matter in sew- 
age required (a) the separation to be 
accomplished within a few hours to 
minimize the changes caused by bac- 
terial action, and (b) a quantitative 
evaluation of the recovery of the par- 
ticulate fraction. 

After the separation of the settle- 
able solids by the technique described 
in ‘‘Standard Methods’’ (5), the 
supernatant was centrifuged with a 
continuous feed, high-speed  centri- 
fuge* operated at 14,000 rpm at a 
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flow rate of 100 ml/min. The solids 
removed were designated as supra- 
colloidal and consisted of particles 0.1 
to 1 » in diameter. The colloidal frac- 
tion was quantitatively separated from 
the dissolved solids by filtration 
through a cellulose ultrafilter mem- 
brane under a pressure of 800 psi of 
nitrogen gas. 

The three 
lected 


ples 


particulate fractions col- 
from individual sam- 
required one hour to dry at 
room temperature in front of a cir- 
culating fan. The content of 
the particulate sewage fractions, cal- 
culated from the air-dried weights, 
contained about 10 per cent moisture. 
[It was considered preferable to accept 
this margin of error rather than sub- 
ject the samples to oven drying at 
105°C with possible consequent effects 
on the organie matter. The supra- 
colloidal fraction was removed from 
the bowl of the centrifuge with a mini- 
mum of distilled water. The pH was 
reduced to 3.5 and floceulated and 


sewage 


solids 


centrifuged at 2,000 rpm, after which 
the residue was air-dried as above. 


of filtration through the 
was 250 to 300 ml/hr. 
filtration the colloidal solids 
removed from the membrane, 
suspended in water, and precipitated 
with ferric chloride; the solids were 
then centrifuged and air-dried. 

The dried particulate fractions from 
each grab sample were pooled for a 
composite and kept refrigerated until 
ready for analysis. 

Details of analytical 
ployed in 


The rate 
membrane 
After 
were 


methods em- 
this study have been re- 
ported previously (6). 


Results 


Solids 


The total solids in the various fraec- 
tions of the individual samples which 
were used for the summer composite 
are not presented. 

The analysis of the data in terms 
of hours and days of collection shows: 
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(a) that variation in total solids con- 
centration of the raw sewage is gen- 
erally due to variations in the dis- 
solved solids, (b) that there is an ap- 
parent relationship between sewage 
flow and total solids concentration, 
(c) that the sewage flow is consistently 
higher on Monday than on any day 
from Monday to Friday, and (d) that 
total concentration is usually 
highest at noon. Since the sewage flow 
time to the treatment plant is approxi- 
mately four hours, the noon peak in 
total solids represents morning house- 
hold activity. 
Analysis of the 


solids 


variations in the 
various particulate fractions of the 
individual shows: (a) that 
the relative amounts of colloidal and 
supracolloidal solids in raw sewage in- 
crease and simultaneously, 
the colloidal fraction constituting 4.8 
to 10.3 per cent, and the supracolloidal 
fraction representing 6.5 to 16 per 
eent of the total solids; and (b) that 
an inverse relationship apparently 
exists between amounts of dissolved 
and settleable solids. The percentage 
of total solids contributed by the dis- 
solved solids varied from 42.6 to 76.6 
per cent. 

Table I the results of the 
analysis of total solids of various frac- 
tions used for the summer composite. 
The dissolved solids constitute 64.4 
per cent of the total dry solids of the 
raw sewage and the particulate matter 
represents 35.8 per cent. The par- 
tienlate matter is made up of 16.8 
per cent of settleable solids, 11.8 per 
cent of supracolloidal solids, and 7.2 
per cent of colloidal solids. The vola- 
tile solids as per cent of the dry solids 
was high in the particulate fractions 
(between 78.0 and 83.0 per cent) but 
was only 20 per cent in the dissolved 
fraction. Despite this, the volatile 
concentration in the dissolved 
higher than that in the 
supracolloidal and colloidal fractions 
and equal to that in the settleable solid 
fraction. 
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ate Fractions of Sewage* 


Item Total Settleable a, Colloidal Dissolved 
Total solids in various fractions | 
(ppm) 500 S4 59 36 321f 
Individual fractions as per cent of | 
total solids — 16.8 | 11.8 7.2 64.4 
Volatile solids as per cent of total 
4 solids in each fraction 41.4 78 | 83 81 20 
207 | 65 49 29 64 


Volatile solids in each fraction (ppm) 


* Average of 24 grab samples taken from the same plant at different hours of the day (9 Am 
to 4 pm) and different days of the week (Monday through Friday) from June to September. 

+ Calculated value obtained by difference between the sum of individual components and 
total solids in whole sewage. 


Minerals accounts for 21 per cent of the fixed 
solids in sewage. 

Silicon is one of the more abundant 
elements, amounting to a total of 3.93 
ppm in the sum of all the fractions, 
84.7 per cent of which was in the set- 
tleable fraction. Silicon constituted 


The fixed solids from the individual 
sewage fractions of the summer com- 
posite were analyzed for 14 cations 
and anions (Table II). No distine- 
tion was made as to whether the ele- 
ments reported were in organic or 


inorganic form. 
The 20 ppm of chloride in the raw 
sewage (all in the dissolved fraction) 


50 per cent of the mineral content of 
this fraction. 
There was 0.77 ppm of iron in sew- 


TABLE II.—Concentration of Mineral Constituents of Sewage Fractions 


Sewage Fractions (ppm in raw sewage) 


Element a ; As Sum of 


| Settleable Supracolloidal | Colloidal | Dissolved 

Cl 20.0 | 20.1 
Si 3.33 0.416 0.11 0.07 3.93 
Fe | 0.348 0.105 0.168 0.149 0.77 
Al | 0.075 0.035 0.015 0.007 0.132 
Ca 0.512 0.300 0.857 8.15 | 9.82 
Mg | 0.415 0.24 | 0.19 946 | 10.31 
K 0.20 0.19 0.10 5.43 | 5.92 
Na | 0.18 0.10 0.16 22.8 | sa 
Mn | 0.12 0.007 0.015 0.33 0.47 
Cu 0.113 0.037 0.082 1.33 1.56 
Zn 0.086 0.059 0.214 <0.04 0.359 
Pb 0.30 0.067 0.11 <0.05 | 0.48 
8 0.046 0.18 10.0 | 10.3 


4.45 


Sum of elements 82.3 


Mineral weight* 83.2 


Recovery (per cent)t 95.1 99.9 99.0 


* Fixed solids by a separate determination and calculated in terms of the total elemental 
content. 


¢ Calculated from the sum of individual determinations and separate total fixed solids de- 
terminations. 
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TABLE I.—Solids Composition in the Particul 
A 
a 
3 
“a 
3 
P | 0.55 | 0.99 0.57 iz 6.56 5 
| 
93.8 
| 
ag 
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age, nearly 45 per cent of which was 
in the settleable fraction. Aluminum 
was present in very small quantities 
in all the fractions and added up to 
0.13 ppm in the total sewage. Calcium 
content of the sewage was 9.8 ppm, 83 
per cent of which was in the dissolved 
fraction. Magnesium was _ similarly 
high (10.3 ppm) and most of it (91 
per cent) was found in the dissolved 
fraction. Calcium and magnesium 
constituted 21 per cent of the fixed 
solids of the sewage. Potassium con- 
tent of the sewage was 5.9 ppm while 
sodium content was 23.2 ppm; both 
were found most abundantly in the 
soluble fraction (92 and 98 per cent 
respectively). Potassium and sodium 
together represented 30 per cent of 
the fixed solids. Manganese content of 
the various fractions was low, totaling 
only 0.5 ppm. One and a half ppm of 
copper was found, mostly in the solu- 
ble fraction. Small amounts of zine 
and lead were found in the various 
fractions. Total sulfur was present 
to the extent of 10 ppm, practically 
all of it in the soluble fraction. The 
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concentration of phosphorus was 6.56 
ppm, nearly 70 per cent of it in the 
soluble fraction. 

The sum of the elements in the vari- 
ous fractions checked closely with the 
fixed solids content, indicating that no 
elements of importance were left out. 
Grease 

The results of the analyses of the 
various components of the ether- 
soluble fraction in the different par- 
ticulate fractions of the summer com- 
posite are given in Table III. A total 
of 45 ppm of grease was found nearly 
equally divided between the three par- 
ticulate fractions. However, over 51 
per cent of the dry matter in the col- 
loidal fraction was due to grease. In 
the settleable and supracolloidal frac- 
tions, grease constituted 19 and 24 per 
cent of the respective dry solids, but 
in the colloidal fraction it constituted 
51.5 per cent of the dry solids. The 
most abundant component of the 
crease in all three fractions was sat- 
urated glyceride fatty acids. The 
next two important components of 


TABLE III.—Organic Constituents of Sewage Fractions in Summer Composite 
Total Grease 


Organic Constituent Settleable 


| 
| 
| 
| 
| 


Saturated free fatty acids 

Unsaturated free fatty acids 
-oleic acid 

Saturated glyceride fatty acids 

Unsaturated glyceride fatty acids 
-oleic acid 
linoleic acid 

Phospholipids 

Unsaponifiable 

Sum of constituents 

Total grease 


0.38 


0.08 
7.94 


2.49 3 


0.00 


Recovery (per cent) 86.0 


and colloidal fractions. 


ppmt per centt | 
0. 18 
0.10 
9.95 
12 


0.00 
2.18 
16.43 
19.13 


Sewage Fractions 


Supracolloidal Colloidal | Sum* 


| | 
ppmf percentt| ppmt | percentt| ppmt 


0.56 1.66 
0.36 
33.43 


3.62 
1.03 
0.29 
6.87 
47.26 
51.48 


SS = 


— 


+ Concentration contributed to raw sewage by the respective fractions, 


t Based on dry matter of sewage fraction. 


‘ 
ak 
aS 
0.54 | 1.01 | 1.48 
: 
0.12 0.22 0.32 
6.74 | 12.54 | 1 25.88 
| : 
1.68 | 3.13 22 | 4.84 
0.08 0.14 10 0.18 
2.22 2.42 | 4.51 | [30 6.94 
ae | 13.11 11.58 | 21.55 | 84 40.53 
| 15.27 | 12.82 | 23.85 25 | 45.34 
90.0 | 91.8 89.5 
or * Total concentration of constituent contributed by the combined settleable, supracolloidal, : 
ues 
= 
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TABLE IV.—Organic Constituents of Sewage Fractions in Summer Composite— 
Nitrogenous Matter After Acid Hydrolysis 


Sewage Fractions 


| Alcohol-Insoluble | Alcohol-Soluble 
= 
Amino Acids | Sum* 
upra- Supra- 
Settleable colloidal Colloidal Settleable | colloidal Colloidal 
ppmb> ppm? ppm» ppm? .| a ents | | cents ppm? ppm? 
a- Alanine | 1,09] 1.36] 2.13| 3.96| 0.81 2 41 | 0 21 0 “0.26 0.1 “0.13 | 0.25 0.05 | 0.15 4.42 
Cystine | 0.63} 0.79] 1.21] 2.25) — — — | — | 0.06 | 0.11 _ —_ 1.90 
Aspartic acid 1.06 | 1.33] 1.96) 3.65} 1.00 3.00 | 0.15 | 0.19 | 0.05 | 0.09 | 0.07 | 0.21 4.29 
Glutamic acid 1.70} 2.12} 2.43) 4.52] 0.65 1.94 | 0.18 | 0.23 | 0.07 | 0.13 | 0.14 | 0.42 5.18 
Glycine 0.75 | 0.94} 2.18) 4.06] 0.33 0.98 | 0.06 | 0.08 | 0.04 | 0.07 | 0.03 | 0.09 3.39 
Histidine 1.17] 1.46) — _ 0.65 1.94 | 0.14 | 0.18 — _ 0.07 | 0.21 2.03 
Leucines and | | 
phenylalanine 1.88| 2.35] 2.20| 4.10} 0.77 .29 | 0.35 | 0.44 | 0.12 | 0.23 | 0.10 | 0.33 | 5.42 
Lysine —_ — 1.40} 2.60| — —_ — — | 0.04 | 0.07 | 0.04 | 0.12 | 1.48 
Methionine and } 
valine 1.40; 1.75] 1.68! 3.13) 0.72 2.14; 0.2) 0.35 | 0.06 | 0.11 | 0.07 | 0.21 4.21 
Serine 1.07| 1.34) 0.61 1.14; — — 0.09 | 0.10 | 0.03 | 0.06 | 0.03 | 0.09 1.83 
Threonine | 0.67] 0.84] 0.75) 1.40) 0.19 0.57 1 | 0.14 0.03 | 0.06 _ _— 1.75 
Tyrosine 1.40} 1.75| 0.47) 0.87) — 1.87 
Unidentified amino | | 
acids 1.05; 1.31 1.87} 3.48} 0.72 2.14 _ 3.64 
Sum of amino acids 1.97 | 0.63 
Total nitrogenous 


mattere 17.70 | 22. 23.29 | 43.40 | 7.29 .75 | 2.32 | 2.93 | 0.97 | 1.75 | 0.95 | 2.85 | 52.52 


Total nitrogen due to 
amino-N (per cent) 78.5 81.0 80.3 68.3 65.0 64.7 _ 


* Total concentration of constituent contributed by the combined settleable, cnienititedili, 
and colloidal fractions. 
» Concentration contributed to raw sewage by the respective fractions. 
© Based on dry matter of sewage fraction. 
4 Unidentified amino acids, calculated in terms of their leucine equivalent. 
© Total nitrogen X 6.25. 


grease were the unsaturated glyceride of the alcohol-soluble and alcohol-in- 
fatty acids and the unsaponifiable soluble fractions were determined by 
matter. Saturated and unsaturated paper chromatographic and _spectro- 
free fatty acids and phospholipids photometric methods. Fourteen amino 
were present only in low concentra- acids were found in the various frac- 
tions. tions (Table 1V). There were one or 

Analyses were made for cholesterol two spots on some of the chromato- 
in each sewage fraction but no meas- grams that gave a positive ninhydrin 
urable amount was obtained. This reaction; although they could not be 
component is likely to be present in positively identified and are so re- 


the soluble fraction. ported, they were recorded as though 
The sum of the constituents of the they were leucine. 
various grease components analyzed The amino acids in the various frac- 


gave recoveries varying from 86 to 92 tions totaled 41.5 ppm, while the total 
per cent of the total grease in the dif- nitrogenous matter was 52.5 ppm. 
ferent fractions. The amino acids accounted for 65 to 
81 per cent of the total nitrogenous 
matter in the different fractions. The 

The organic nitrogenous material in hydrolyzed amino acids were most 
the three fractions was hydrolyzed abundant in the alcohol-insoluble frac- 
with acid, and the amino acid contents tion. The settleable and supracolloidal 
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TABLE V.—Nitro 


Alcohol-Insoluble Matter 
(% of total nitrogen) 


Sewage Fraction | ———_____— 


Amino-N | NHN Humin-N 


Settleable 


78.5 6.2 6.7 
Supracolloidal 81.0 4.2 5.1 
Colloidal 80.3 4.1 5.3 
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gen Distribution After Acid Hydrolysis of Nitrogenous Matter 


| Amino-N NH:-N Humin-N 
10.6 68.3 2.7 94 | 96 
10.7 65.0 15.0 | 86 11.4 
10.3 64.7 16.1 8.5 |; 10.7 


* Total nitrogen — (amino-N + NH;-N + humin-N). 


fractions in the alcohol-insoluble mat- 
ter contained appreciably greater con- 
centration of amino acids than did the 
colloidal fraction. The concentration 
of individual 


amino acids was gen- 
erally less than 2 ppm in any of the 
fractions. The amino acids in the 


supracolloidal fraction constituted 35 
per cent of the dry matter in that 
fraction while in the settleable and 
colloidal fractions they represented 
about 17 per cent of the respective dry 
matter contents of these fractions. 
Generally, the same amino acids oc- 
eurred in all the insoluble fractions 
of sewage solids. Alanine, aspartic 
acid, glutamic acid, leucine, phenylala- 
nine, methionine, and valine were pres- 


ent in relatively large amounts in all 
the fractions. The absence of arga- 
nine is notable. 

The nitrogen balance of the alcohol- 
soluble and alcohol-insoluble matter in 
the different particulate fractions of 
the summer composite sewage is pre- 
sented in Table V. 

In the analysis of nitrogenous mat- 
ter for amino acids, the formation of 
humin and the presence of ammonia 
in the hydrolysate made it necessary 
to analyze for humin nitrogen and 
ammonia nitrogen for the purpose of 
making a nitrogen balance. The dif- 
ference between total nitrogen and the 
sum of the amino, humin, and am- 
monia nitrogens was considered arbi- 


TABLE VI.—Organic Constituents of Sewage Fractions in Summer Composite 
Carbohydrates and Miscellaneous Alcohol-Soluble Matter* 


Organic Constituent Settleable 


ppmt per cent§ 
Carbohydrates : | 
Pectin | 0.13 | 0.16 
Hemicellulose 260 | 3.1 
Cellulose 11.8 | 142 
Lignin §.12 | 6.1 
| 
Sum of constituents 19.6 | 23.6 | 
| | 
Miscellaneous alcohol- 
soluble matter* 6.16 7.71 


Sewage Fractions 


Supracolloidal Colloidal |} Sumt 
ppmt per cent§ ppmt per cent§ ppmft 
0.57 0.95 0.13 0.36 | 0.83 
1.40 2.4 0.74 21 | 4.74 
1.32 22 | 0.68 19 «| 138 
3.28 5.6 | 086 | 24 | 93 
| | 
6.57 | 112 2.41 6.8 | 28.6 
2.58 4.80 | 2.49 | 7.45 11.23 


* Exclusive of grease and alcohol-soluble nitrogenous matter. 
t Total concentration of constituent contributed by the combined settleable, supracolloidal, 


and colloidal fractions. 


t Concentration contributed to raw sewage by the respective fractions. 


§ Based on dry matter of sewage fraction. 


ii 
(% of total nitrogen) 
- - 
| 
| 
ii 
é 
d 


Vol. 31, No. 4 


trarily to be non-amino nitrogen. 
This may or may not be true. The 
value of non-amino nitrogen may sim- 
ply represent the accumulation of 
errors. 

A comparison of the amino acids be- 
tween summer and winter composites 
(not presented) show that they are 
present in larger amounts in the sum- 
mer than in the winter. 


Carbohydrates 


The carbohydrate components of 
the various particulate fractions of 
sewage (summer composite) are given 
in Table VI. Pectin, hemicellulose, 
cellulose, and lignin were identified 
and determined. These components 
amounted to 28.6 ppm in the three 
particulate fractions. The greatest 
amount of carbohydrates was present 
in the settleable fraction (19.6 ppm), 
constituting 23.6 per cent of the dry 
matter of this fraction. Of the four 
carbohydrates determined, cellulose 
and lignin were present in the greatest 
amount in the settleable fraction (14.2 
and 6.1 per cent, respectively, of the 
dry matter of this fraction). The 
quantity of carbohydrates, as a whole, 
and of cellulose, lignin, and hemicellu- 
lose, in particular, in the supracol- 
loidal fraction is intermediate to those 
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The comparison of the carbohy- 
drates in the supracolloidal and col- 
loidal fractions in the summer and 
winter composites is given in Table 
VII (results for the settleable fraction 
are not available for winter com- 
posites). The table shows that 
changes in the season do not alter the 
relative amounts present in the same 
fractions. The over-all concentration 
of carbohydrates in the two fractions 
is about twice as great in the summer 
as in the winter. One notable excep- 
tion to the similarity between the com- 
position of the winter and summer 
samples is the pectin content. The 
summer fractions contribute about ten 
times the amount of pectin to raw sew- 
age as the winter fractions, the major 
portion being present in the supra- 
colloidal fraction. Increased consump- 
tion of fruits in the summer is un- 
doubtedly the contributing factor. 

Table VIII represents a recapitula- 
tion of the results reported in Tables 
III, IV, and VI on the basis of the 
total greases, nitrogenous matter, and 
carbohydrates in the three particulate 
fractions. In Table VIII are also in- 
cluded the volatile solids values in the 
different fractions of the sewage re- 
ported in Table I. The individual 
components of various types of or- 


in the settleable and colloidal frac- ganie matter in the three particulate 
tions. fractions totaled 138 ppm, while the 
TABLE VII.—Comparison of Various Carbohydrate Fractions in Winter 
and Summer Composites 
Sewage Fraction 
Supracolloidal | Colloidal 
Winter Summer Winter | Summer 
— 
ppm per cent ppm per cent | ppm | per cent | ppm | per cent 
Pectin | 0.06 0.21 | 0.57 0.95 | 0.01 | 0.05 | 0.13 | 0.36 
Hemicellulose | o63 | 23 | 140 | 24 | 037 | 20 | o74 | 21 
Cellulose 0.97 3.6 1.32 22 | 036 | 2.0 0.68 1.9 
Lignin 1.26 4.6 3.28 5.6 0.41 | 2.2 0.86 2.4 
Sum of constituents | 2.92 | 10.7 | 657 | 2 | 1.15 | 63 | 241 | 6.8 
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TABLE VIII. 
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Recapitulation of Organic Components of the Particulate Fractions 


of Sewage from Summer Composite 


Component | Settleable 


ppm | per cent 
Total grease | 15.27 19.13 
Nitrogenous: 
Alcohol-insoluble | 17.70 | 22.15 
Alcohol-soluble 2.32 2.93 
Carbohydrates 19.60 23.60 
Miscellaneous alcohol 6.16 7.71 
Soluble matter* | 
Total organic mattert 61.05 75.5 
Volatile solidst 65.0 78.0 


Sewage Fraction 


Supracolloidal Colloidal Sum 
ppm per cent ppm per cent | ppm 
12.82 23.85 17.25 51.48 | 45.34 
23.29 43.40 7.29 21.75 48.28 
0.97 1.75 0.95 2.85 4.24 
6.57 11.20 2.41 6.8 28.60 
2.58 4.80 2.49 7.45 11.23 
46.23 84.9 30.40 90.3 137.7 
49.0 83.0 29.0 81.0 143.0 


* Exclusive of grease and alcohol-soluble nitrogenous matter. 


t Accounted for in organic analyses. 


} Values obtained by evaporation and ignition (from Table 1). 


total volatile solids as determined by 
the evaporation and ignition of the 
residue was 143 ppm. Similarly, good 
agreements were obtained for the indi- 
vidual particulate fractions between 
the values obtained by actual deter- 
minations of the organic components 
and the volatile solids. The total dis- 
solved volatile solids in the sewage was 


64 ppm (Table I). 


Discussion 


Effect of Seasonal Variations on Sew- 
age Composition 
A comparison of the same fractions 
in both the summer and winter com- 
posites (Table IX) reveals that sea- 


sonal variations in domestic sewage 
composition are more quantitative 
than qualitative. The amounts of 


supracolloidal and colloidal solids in 
the summer composite were about 
twice as great as the amounts in the 
winter composite. However, the change 
in season did not alter appreciably the 
relative amounts of grease, carbohy- 
drate, and nitrogenous matter. 
Without values for the dissolved 
and settleable solids of the winter and 
summer composites for comparison, it 
is impossible to establish, from data 
collected in this study, that the sum- 


mer sewage was stronger than the win- 
ter sewage. However, the higher con- 
centrations of supracolloidal and col- 
loidal solids in the summer sewage 
gives some support to the belief that 


it was the stronger. If it was true 
that the strength of sewage was 
greater in the summer than in the 


winter, the difference could not be at- 
tributed to the differences in rainfall 
which was 3.50 in. during the summer 
sampling period and 3.07 in. during 
the winter period. In addition, sam- 
pling was stopped during periods of 
rain and was not resumed until the 
sewage flow was back to normal. 


Origin of the Sewage Fractions 


A question encountered was whether 
the sewage fractions containing insol- 
uble solids have the same _ general 
origin and merely represent different 
stages of physical degradation or 
whether they are of different origin, 
chemical composition, and _ suscepti- 
bility to biological decomposition. If 
the fractions represent sewage solids 
in different stages of physical de- 
gradation, each fraction should have 
about the same per cent of grease, 
carbohydrate, and nitrogenous matter. 
However, in Table [IX when examining 
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the organic composition, it is seen 
that as the particle size of the insolu- 
ble sewage solids decreases: (a) the 
total grease increases from 19.13 per 
cent in the settleable solids to 51.48 
per cent in the colloidal solids; (b) 
the carbohydrates, for which analyses 
were made, decrease from 23.6 per 
cent in the settleable solids to 6.76 per 
cent in the colloidal solids; and (ce) 
the nitrogenous matter changes from 
24.47 per cent in the settleable solids 
up to 45.15 per cent in the supracol- 
loidal solids and then down to 24.60 
per cent in the colloidal solids. 

These changes in per cent composi- 
tion with decreasing particle size in 
no way lend support to the hypothesis 
that all of the insoluble sewage solids 
have a common origin. 


Summary and Conclusions 


The primary purpose of this study 
was to characterize, by organic analy- 
ses, the various fractions of insoluble 
solids occurring in domestic sewage. 
Analyses were made on both winter 
and summer composites of municipal 
sewage to determine the effect of sea- 
sonal variation on the organic con- 
stituents. Separate samples were col- 
lected for mineral analysis. 

The insoluble sewage solids were 
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fractionated by settling, controlled 
centrifugation, and high pressure ul- 
trafiltration into groups which were 
classified on the basis of particle size: 
(a) settleable (greater than 100 x), 
(b) supracolloidal (100 to 1 (c¢) 
colloidal (1 » to 1 mpg), and (d) dis- 
solved (less than 1 mp). Particle-size 
measurements were made using an 
electron microscope. 

From an evaluation of the collection 
data and solids determination for the 
summer composite of 24 different sew- 
age samples, the observations are sum- 
marized herein. 


Solids 


1. Significant variations in the total 
solids concentration of the raw sewage 
were generally due to changes in the 
dissolved solids. 

2. There was no apparent relation- 
ship between sewage flow and _ total 
solids concentration of the raw sew- 
age. 

3. The sewage flow was generally 
higher on Monday, coincident with 
family laundry habits, than on any 
other day from Monday through Fri- 
day. 

4. The total daily solids concentra- 
tion at the treatment plant was usually 
greatest at noon. 


TABLE IX.—Comparison of Fractions of Winter and Summer Sewage Composites 


Sewage Fraction 
Supracolloidal Colloidal 
Organic Constituent Settleable 
Winter Summer Winter Summer 
ppm* ppm* ppm* ppm* ppm* 
Total grease 15.27 | 19.13 | 6.08 | 23.98 | 12.82 | 23.85 | 7.32 | 42.79 17.25 | 51.48 
Carbohydrates 19.6 | 23.6 | 2.92) 10.71) 6.57| 11.15] 1.15 | 6.25| 2.41) 6.76 
Nitrogenous mattert 20.02 | 24.47 | 11.09 | 43.75 | 24.26 | 45.15 | 5.16 | 30.16) 8.24 | 24.60 
Miscellaneous alcohol- 
soluble matter§ 6.16) 7.17} 1.49) 5.93) 2.58] 4.80) 1.70 | 10.00| 2.49| 7.45 


* Parts per million in raw sewage. 
t Based on dry matter of sewage fraction. 
t Total nitrogen X 6.25." 


§ Exclusive of grease and alcohol-soluble nitrogenous matter. 
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5. Of the total solids of raw sewage, 
the average amount contributed by 
each fraction was: 17 per cent, settle- 
able; 12 per cent, supracolloidal; 7 per 
cent, colloidal; and 64 per cent, dis- 
solved. 

6. The insoluble sewage solids were 
about 80 per cent organic and the sol- 
uble solids were 20 per cent organic. 


Mineral Content 


Characterization of the mineral con- 
tent of the settleable, supracoloidal, 
colloidal, and dissolved solids was ac- 
complished by analyzing the fixed 
of the fractions for 14 com- 
monly occurring anions and cations. 
Each fraction was markedly different 
from the rest with respect to the per 
cent composition of one or more of 
the elements. 


1. Of the mineral weight (fixed 
solids minus associated oxygen) of the 
settleable fraction, 50.5 per cent was 
silicon. Iron, calcium, magnesium, 
and phosphorus were each present in 
concentration of 5 to 9 per cent. Out- 
standing was the small concentration 
of sulfur, 0.70 per cent. 

2. In the supracolloidal fraction, 

35.8 per cent of the mineral weight 
was derived from phosphorus, 15.0 per 
cent from silicon, and 10.8 per cent 
from calcium. 
3. Caleium and phosphorus consti- 
tuted 30.9 and 20.5 per cent, respec- 
tively, of the colloidal fraction mineral 
weight. 

4. Of the mineral weight of the dis- 
solved solids, 27.4 per cent was so- 
dium, 24.1 per cent was chlorine, 12.0 
per cent was sulfur, and 11.4 per cent 
was magnesium. 


solids 


Grease 


The organic constituents of the 
supracolloidal and colloidal fractions 
of the winter composite and the settle- 
able, supracolloidal, and colloidal frac- 
tions of the summer composite were 
separated by solvent extraction into 
the total grease (soluble in petroleum 
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ether), alcohol-soluble (exclusive of 
grease), and alcohol-insoluble groups. 
The total grease was analyzed for 
saturated and unsaturated free fatty 
acids, saturated and unsaturated glyc- 
eride fatty acids, phospholipids, and 
unsaponifiable matter. The alcohol- 
soluble group was analyzed for the 
amino acid content after hydrolysis. 
The alcohol-insoluble group was ana- 
lyzed for pectin, hemicellulose, cellu- 
lose, lignin, and the amino acid con- 
tent after hydrolysis. The summary 
follows. 


1. Glyeeride fatty acids comprise 
the major portion of the total grease 
of all the fractions. 

2. Only a small percentage of the 
free and glyceride fatty acids were 
unsaturated, oleic acid being the most 
important. 

3. Phospholipids 
trace amounts. 

4. The unsaponifiable matter repre- 
sented about 3 to 7 per cent of the 
total grease in the various fractions. 

5. The settleable solids had the 
smallest proportion of total grease (19 
per cent) and the colloidal solids had 
the greatest (51 per cent). 


The 


were found in 


differences between the same 
fraction in the winter and summer 
composites were more quantitative 


than qualitative, the summer fractions 
contributing about twice as much total 
crease to the raw sewage as the winter 
fractions. 


Amino Acids 


Only a small portion of the nitro- 
genous matter of the sewage fractions 
from the winter and summer com- 
posites was present in the aleohol- 
soluble group. After acid hydrolysis 
of the nitrogenous matter of the 
aleohol-soluble and _ aleohol-insoluble 
groups, the amino acids were sepa- 
rated by paper chromatography and 
quantitatively determined. The 14 
amino acids identified were: alanine, 
aspartic acid, glutamic acid, leucine, 


2 
ex. 
3 
; 
ie 
ts 
: 


Vol. 31, No. 4 


phenylalanine, methionine, valine, glye- 
ine, histidine, cystine, serine, threo- 
nine, tyrosine, and lysine, listed in the 
general order of decreasing concentra- 
tion. From the analysis of the amino 
acids of the various fractions, the con- 
clusions reached were: 


1. There was no apparent pattern 
of amino acid distribution or regular 
change in concentration accompanying 
the change in particle size from one 
fraction to the next. 

2. The same amino acids were gen- 
erally found in all of the fractions of 
the winter and summer composites. 

3. The per cent of nitrogenous mat- 
ter in the supracolloidal fraction was 
about twice as great as that of the 
settleable or colloidal fractions. 

4. The differences between the 
amino acid contents of the same frac- 
tion in the winter and summer com- 
posites were more quantitative than 
qualitative. ‘The amount of nitro- 
genous matter contributed to the raw 
sewage by the summer fractions was 
about twice that contributed by the 
winter fractions. 


Carbohydrates 


In the analysis of the aleohol-insolu- 
ble matter for carbohydrates, it was 
found that: 


1. Lignin 
greatest 
sulimer 
fractions. 

2. Cellulose was the principle carbo- 
hydrate constituent of the summer set- 
tleable fraction. 

3. Pectins represented less than one 
per cent of the solids of any of the 
sewage fractions. They were present 


was the constituent of 
amount in the winter and 
supracolloidal and _ colloidal 
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in greater amounts in the summer 
fractions than in the winter fractions, 
most of the pectin of the raw sewage 
being contributed by the supracol- 
loidal fraction. 

4. The carbohydrates in the summer 
composite, for which analyses were 
made, constituted 23.6 per cent of the 
settleable solids, 11.2 per cent of the 
supracolloidal solids, and 6.8 per cent 
of the colloidal. 
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Industrial Wastes 


TIDEWATER’S DELAWARE REFINERY WASTE 
CONTROL AND TREATMENT * 


I. FACILITIES AND TREATMENT METHODS 


By A. W. Lewis 
Superintendent Technology, Tidewater Oil Company, Delaware Refinery 


Tidewater’s Delaware Refinery is 
located approximately 15 miles south 
of Wilmington, Del. The site covers 
5,200 acres located on the Delaware 
River. Refining units and tank fields 
occupy 10 per cent of the area (Figure 
1). They are about 60 to 70 ft above 
sea level. A belt of marsh borders 
the river, but subsoil of the farmland 
on which the principal structures are 
located is brown, sandy clay supported 
by heavier clays. Delaware City lies 
just southeast of the refinery and New 
Castle is six miles northeast. 


Refinery 


The refinery consists of a dozen ma- 
jor operating units designed to con- 
vert heavy, high-sulfur, crude oil to 
liquid fuels at the rate of 130,000 bbl/ 
day. The major units are listed be- 
low: 


Crude unit 

Fluid coker 

Fluid catalytic 
cracker 

Gas plant 

Solutizer sweetening 
units 

Polymerization unit 


Alkylation unit 
Catalytic reformer 
Hydrodesulfurizers 


Hydrogen plant 
Udex extraction unit 


Sulfur plant 


To gain capital investment and op- 
erating cost advantages, the individual 
units, for the most part, are the largest 

* Presented at the 3lst Annual Meeting, 


Federation of Sewage and Industrial Wastes 
Assns.; Detroit, Mich.; Oct. 6-9, 1958. 
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of their type. In contrast with a mul- 
tiplicity of smaller units, the single 
large units can justify more costly 
and more reliable components, greater 
investment in equipment for the han- 
dling of wastes, and larger operating 
expenditures per unit to assure that 
waste-handling facilities are properly 
operated. 


Waste-Handling Considerations 


Air, water, and soil pollution were 
considered during the design stages 
of each individual unit as well as for 
the refinery as a whole. The basic 
philosophy was to provide facilities 
for waste handling as close to the 
source as possible, and to impose as 
much of the responsibility for effluent 
control on the individual unit super- 
visor as was feasible. Adherence to 
this policy minimizes the generation 
of wastes. Use of five separate sewer 
systems avoids difficulties inherent in 
handling mixtures of contaminants 
which have been greatly diluted. 


Soil Contamination Control 


Many old refineries might be thought 
of as being built upon buried oil lines 
interspersed with piles and fill. Not 
infrequently, gathering pits are built 
from which oil, resulting from leaks 
and spills, is recovered. To avoid such 
soil contamination at Delaware, only 
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FIGURE 1.—Tidewater’s Delaware Refinery. 


water mains and electrical conduits 
are buried. All other lines are carried 
above ground. 

A major source of soil contamina- 
tion in many refineries results from 
leaking pump glands. At Delaware, 
nearly all pumps have mechanical 
seals which greatly reduce pump- 
gland leakage. The ground surround- 
ing the operating units is covered with 
concrete pads. Any spills from pumps 
or other sources fall on the pad, from 
which they are directed to the oil re- 
eovery system. 


Air Pollution Control 


Material lost to the atmosphere is 


confined essentially to stack gases. 
For example, all safety releases in gas 
service are vented to a closed blow- 
down system. Overload on this sys- 
tem is released to smokeless flares. All 
tanks in volatile hydrocarbon service 
have floating roofs. Pumps have me- 
chanical seals. Foul-smelling waters 
are handled in closed systems. Odor- 
ous gases removed from foul-water 
and spent caustic solutions are burned. 
Catalyst dust from fluid catalytic 
eracking operations is retained in the 
unit by three-stage cyclone separators 


of unusually high efficiency. Approx- 
imately 0.005 per cent of the catalyst 
circulated is lost. Coke fines from the 
fluid coker are retained with two-stage 
cyclones. Fluid coke dust not re- 
tained by the cyclones is passed with 
coker flue gas through an auxiliary- 
fuel fired CO boiler where the escap- 
ing coke fines are burned. Thus, the 
only effluent vented to the atmosphere 
is stack gas. 

The sulfur content of crude oil is 
between 2 and 3 per cent. Gasoline 
and distillate fuels, the major products 
of the refinery, have negligible sulfur 
because it has been removed by hydro- 
genation. The resulting hydrogen sul- 
fide is converted to molten sulfur in 
the sulfur plant. However, sulfur is 
concentrated in fluid coke and, to a 
lesser extent, in heavy fuel oil. 

The power station, operated by the 
Delaware Power and Light Company, 
preferentially burns essentially sulfur- 
free fuel gas, supplemented by fluid 
coke. This has, at times, amounted to 
about 550 tons of fluid coke per day. 
Heat for the fluid coker is generated 
by burning coke in the unit. Heat 
for the fluid catalytic cracker is gen- 
erated by burning catalyst deposit, 
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a form of coke, in the unit. The rest 
of the refinery is fueled with gas gen- 
erated in refining operations. This 
is scrubbed with diethanolamine 
for removal of hydrogen sulfide. As a 
result of burning coke and catalyst 
deposit, a varying amount of sulfur 
dioxide exists in gases from a few of 
the stacks. 


vas 


After thorough study by air pollu- 
tion specialists, it was obvious that the 
best method of sulfur dioxide disposal 
was by dispersion through stacks made 
high enough to low ground- 
level concentrations. Although there 
are 14 major stacks, most of the heat- 
these are fueled 
with refinery fuel gas which normally 
contains hydrogen sulfide in concen- 
trations of less than 20 grains/100 ecu 
ft. Only the station, sulfur 
plant, coker, and cracker burn fuels 
of significant sulfur content. These 
units have stack heights as follows: 


assure 


ers feeding stacks 


power 


Effective 
Stack Gas Stack 
Tempera- Height 
tures (°F) (ft) 
Power plant 500 290 970 
Sulfur plant 225 900 535 
Coker 250 550 690 
Cracker 230 710 670 


Stack 
Height 
Unit (ft) 


Incorporation of these tall stacks has 
resulted in ground level concentrations 
of SOs well below the acceptable levels 
which are anticipated from operation 
of a modern power house utilizing 
stacks of normal height. 

The crude unit is designed so that 
fluid coke may be used in the future. 
For this contingency, the crude unit 
stack has been made 350 ft high with 
an estimated plume rise of 410 ft at 
the design exit condition. 


Wastewater Control and Treatment 
Sewer Systems 

The and the Delaware 
Power and Light Company power sta- 
tion together take about 360 mgd of 
once-through cooling water from the 


refinery 
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Delaware River. Storm sewers at the 
refinery are capable of handling about 
370 cfs. Separate sewer systems are 
provided for cooling and storm water. 
In addition, there are separate sewers 
for oily water and for process waste- 
water. The total wastewater flow 
from the process area can range up to 
620 mgd. The Marine Terminal lo- 
cated about 2 miles from the process 
area has its own oil recovery facilities. 


Cooling Water 


Cooling water is taken from the 
Delaware River by nine 2,000-hp 
motor-driven vertical centrifugal 
pumps (Figure 2) and is used in 
closed tubular heat exchangers. Ex- 
changers in heavy-oil service have been 
equipped to divert cooling water to 
the oily-water sewer should a leak de- 
velop. Return cooling water is taken 
through two parallel 84-in. diameter 
concrete pipes to either two or three 
parallel separating basins, each meas- 
uring 600 by 420 ft and 7.5 ft deep, 
in which the maximum flow 
rate is 4fpm. At the end of the sepa- 
are adjustable weirs 
which permit the removal of up to 10 
per cent of the flow. This overflow is 
directed through flumes to an API 
gravity separator having five channels, 
each 70 ft long, 18 ft wide, and 9 ft 
deep. The skimmed oil, emulsion, and 
water are returned to the refinery for 
oil recovery. 


design 


rating basins 


Storm Water 


Storm water is gathered in a sepa- 
rate sewer system and sent through a 
single 108-in. diameter pipe to one of 
three separating basins. 

All tanks are enclosed in retaining 
Water which collects inside the 
dikes is removed through 8-in. drains 
valved on the outside of the dike. A 
monitor box is located at this point 
and valved lines lead to the oily-water 
and the storm sewers. The condition 
of the water governs the choice of the 
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sewer system to be used. This ar- 
rangement also permits regulation of 
the storm-water flow rate. 

Other methods for preventing oily 
water from entering storm sewers were 
mentioned earlier. 


Oily Wastes 


Oily water derived from leakage, 
spills, sample-line flushing, equipment 
drains, and the like passes through a 
monitor box or a unit separator at 
each operating unit. Each is baffled 
to restrict the flow of oil. The princi- 
pal objective is to provide unit inspec- 
tion and to permit oil skimming. 

Oily water collected from all units 
passes to an API gravity separator 
having four channels each 170 ft long, 
20 ft wide, and 8 ft deep. The 
skimmed oil and emulsion are returned 
to the refinery and the water joins the 
storm sewer before it enters the sepa- 
rating basins. 


Process Wastewater 


Process wastewater collected 
from the crude unit, fluid catalytic 


FIGURE 2.—Cooling-water pumping station. 


cracker, fluid coker, and other opera- 
tions for pretreatment in a foul-water 
stripper. The flow approximates 800 
gpm and contains, primarily, sulfides, 
oil, ammonia, and some _ phenols. 
Stripping with about 20,000 lb/hr of 
steam maintains an overhead tempera- 
ture of 190°F. Contaminant removal 
is over 90 per cent for sulfides, about 
60 per cent for ammonia, about 75 per 
cent for hydrocarbons, and about 30 
per cent for phenols and acid oils. 
The overhead from the tower is incin- 
erated. Two-thirds of the stripped 
wastewater is returned for reuse at 
the fluid catalytic cracker and as de- 
salter water where the phenol and oil 
content is reduced by solution in crude 
oil. 

Spent caustic used in _ treating 
straight-run stocks, water from crude 
oil electrical desalting, and water used 
for washing products after caustic 
treating is processed in a flue-gas 
stripper. Flue gas enters the tower 
at about 400°F. Carbon dioxide in 
the flue gas springs hydrogen sulfide 
and other weakly acidic materials 
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FIGURE 3.—Flue-gas contactor. 


which are taken overhead and burned. 
The stripped water contains as much 
as 1.5 tons/hr of salts, primarily so- 
dium chloride and sodium carbonate. 
Objectionable impurities are greatly 
reduced by this operation. 

Spent caustic from treating cracked 
stocks, unlike caustic from treating 
straight-run stocks, contains in addi- 
tion to sulfides and mercaptides, phe- 
nols and so-called ‘‘acid oils.’’ Such 


——— SPENT CAUSTIC FROM 
\ CRACKED STOCK TREATERS 


\ 


caustics are stripped with flue gas in 
a 400-bbl batch still. Figure 3 is a 
picture of the facility and Figure 4 
is a diagrammatic flow chart. By 
keeping this caustic out of the other 
waste-flow streams, the phenols remain 
concentrated, facilitating recovery. In 
this operation, the caustic is blown 
until a pH of about 9.5 is obtained. 
It is then allowed to separate into two 
liquid layers. The top layer of ‘‘acid 


SPENT causTIC 


STORAGE TANK 


TANK 


TOR FLUE GAS 
KNOCK OUT POT 
30° X 72” 


FLUE 
4-6 


GAS CONTAC 
OWA. X 32 FT. 
12 DISC DONUT TRAYS 


FIGURE 4.—Flowsheet for spent caustic neutralization and acid oil recovery. 
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SPENT CAUSTIC 
—-= FLUE GAS ALONE ( 11.4% CO2) 


SPENT ALKYLATION ACID ALONE (91% H2 
sees FLUE GAS @ SPENT ALKYLATION ACID 


VOLUME % UNSPRUNG ACID OIL 


BATCH TIME - HOURS 


FIGURE 5.—Acid-oil springing rate. 


oil’’ is skimmed and sold. The lower 
layer is a concentrated solution of so- 
dium carbonate formed 


in the reac- 
tion. 


Crystallization of salts in the 
tower must be avoided, but a maxi- 


14.0 


mum salt concentration in the water 
layer is desirable to salt out phenols. 
This balance is achieved by careful 
adjustment of the caustic content of 
the stripper feed by water dilution 


13.5 


© 


START ACID ADD! 


SPENT CAUSTIC NEUTRALIZATION RATE 


—— FLUE GAS ALONE (11.4% CO2) 


SPENT ALKYLATION ACID ALONE (91% H2 
sss FLUE GAS & SPENT ALKYLATION ACID 


40 4 


BATCH TIME - HOURS 


6 70 


FIGURE 6.—Spent caustic neutralization rate. 
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TABLE I.—Comparison of Removal Efficiencies of 
Three Different Methods 


Typical 
Charge 
(Ib) 


Constituent 


Ae id oil 

Sulfide, as S 
Mercaptide, as S 
Alkalinity, as NaOH 
pH 


20, ,000 
50 
1,500 
14,500 
14.0* 


* pH units. 


In operation, about 400 bbl of caus- 
tic is pumped into the skim tank and 
then continuously pumped over the 
top of the column while flue gas is 
blown through the column. It has 
been found that the design gas veloc- 
ity through the column of 3 fps is ex- 
cessive and results in considerable 
carry-over. In practice, it is 
sary to operate at 1.5 fps. Operation 
at the lower gas velocity has halved 
the column’s processing capacity. It 
has not, of course, decreased the per- 
centage of contaminants removed. To 
decrease operating time, the use of 


neces- 


Typical 
Effluent 


700 


2,500 


Removal Efficiency (%) 


(Ib) Flue Gas 


and Acid 
97.6 94.6 
3 7 94.3 96.2 
10 99.8 99.7 
83.6 89.6 


9.7* 


Flue Gas 
Alone 


Acid Alone 


spent alkylation acid as a supplement 
to, and as a replacement for, flue gas 
has been examined. 

Figure 5 compares the time for proc- 
essing a batch of spent caustic by the 
three methods. Figure 6 shows the 
comparative pH changes. A pH of 
9.7 is sufficiently low to release the 
acid oil. Using spent alkylation acid 
rather than flue gas decreases neu- 
tralization time from three days to 
five hours. 

The comparative contaminant-re- 
moval efficiencies of the three spring- 
ing methods are shown in Table [. In 


| STORM wen 
FOUL WATER WATER 

ALL UNITS 
FLUE GAS 
CONTACTOR 


FLUE GAS 
STRIPPER 
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| SPENT CAUSTIC FROM 
“CRACKED STOCK 
TREATERS 


apr | 
| GRaviTy | 
SEPARATOR 
Noi | 
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FIGURE 7.—Flowsheet for waste treatment system. 
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FIGURE 8.—Riprap at refinery outfall. 


the cases studied so far, there has been 
sufficient heat of reaction from use of 
spent alkylation acid to make auxili- 
ary heat unnecessary. 

Waste process-water from all flue- 
gas strippers is sent to API Separator 
No. 1 where it enters a separate chan- 
nel for skimming (Figure 7). The 
skimmed process water joins the 
skimmed oily water and both are dis- 


charged to the storm sewer ahead of 
the large separating basins. 

Sanitary waste is handled in septic 
tanks located as required throughout 
the refinery. Overflow from the septic 
tanks is discharged to the storm sewers. 


Effectiveness of Abatement Measures 


The refinery has been in operation 
for over two years. Inspections of the 


FIGURE 9.—Beach at refinery piers. 


of 
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riprap at the refinery outfall (Figure 
8) and the beach area at the refinery 
piers (Figure 9) indicate that very 
little oil has been discharged. 

The refinery has assisted the Water 
Pollution Commission of the State of 
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Delaware in a month-long sampling 
program designed to assess the effec- 
tiveness of present water pollution con- 
trol measures. The results of this 
work are reported in Part II of this 
paper. 


II. EVALUATION OF TREATMENT METHODS 


By A. KAPLOvsSKY 


Director, Delaware Water Pollution Commission, Dover, Del. 


The adopted policy of the Delaware 
Water Pollution Control Commission 
(1) requires that all problems con- 
nected with water pollution be investi- 
gated and studied. Detailed reports 
of the findings, including recommenda- 
tions, must be made. In addition, the 
Commission has the power to conduct 
scientific experiments, investigations, 
and research to discover economical 
and practicable methods for the elimi- 
nation, disposal, or treatment of sew- 
age, industrial wastes, and other 
wastes. 

Delaware does not have standards 
of water quality, nor does it have 
minimum requirements. An exception 
to the latter applies to the Delaware 
River, where the State of Delaware 
concurs with the provisions of the 
Incodel agreement (2) adopted by the 
States of Delaware, New Jersey, New 
York, and Pennsylvania which stipu- 
lates minimum requirements for that 
body of water. 

The Commission has taken the po- 
sition that greater equity can be 


achieved if each problem or area is 


given specific evaluation. A waste 
discharge is studied on its merits. The 
effect of an existing discharge or a 
proposed discharge is studied to evalu- 
ate its influence on the best water 
usages. Basin investigations show ex- 
isting stream conditions, waste loads, 
and the best water usages. These find- 
ings are submitted to the offender with 
recommendations for treatment. 

The request of the Tidewater Oil 


Company for refinery-waste treatment 
requirements instigated several im- 
portant decisions to be made by the 
Water Pollution Commission. The 
proposed refinery site would discharge 
wastes to the lower Delaware estuary, 
heretofore studied only sporadically 
and in not too much detail with re- 
spect to sanitary quality. Extensive 
recreation and shellfish interests com- 
mence approximately 15 miles down- 
stream. In addition, self-purification 
capacity within an estuary is complex, 
and proposed methods for this deter- 
mination leave much to be desired. 
Formal request from the Tidewater 
Oil Company regarding State quality 
requirements was made in the spring 
of 1955. At this time, complete de- 
tails of loadings of various constitu- 
ents from the anticipated operation 
were made available. Various new 
and modified pretreatment and final 
treatment facilities were proposed. 
3ased on a Delaware River survey 
made in 1952 (3), and a thorough 
search of the literature pertaining to 
potential toxic and oxygen-demanding 
constituents present in oil refinery 
wastes, the degree of treatment needed 
had to be ascertained by the State. 
During plant construction in 1956, 
an extensive sanitary quality study 
(4) was made of the lower Delaware 
River estuary to establish a base line 
of water quality. The sanitary qual- 
ity of the entire estuary from the 
Delaware Bay to Trenton, N. J., a 
distance of 90 miles, has been studied 
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(5) extensively during the summers 
of 1957 and 1958. General observa- 
tions, with respect to these studies, 
are included in this paper. 

Full plant operation commenced in 
the summer of 1957. Since the initial 
request to construct a refinery in Dela- 
ware, the cooperation and compliance 
with the requests of the Water Pol- 
lution Commission by the Tidewater 
Company have been exemplary. 


Methods of Evaluation 


The method of approach used for 
evaluating the efficiency of the waste- 
handling operations and the effect of 
this discharge upon state waters was 
divided into four basic steps, namely: 


1. The potential pollutional load 
was evaluated prior to construction by 
estimating : 


(a) the waste concentrations in the 
effluent from the proposed steam 
and flue-gas strippers; 

the waste concentrations if 
either of the proposed strippers 
broke down; 

(c) the maximum constituent con- 
centrations within the river in 
the vicinity of the waste outfall 
under various conditions of 
stripper breakdown; and 

a comparison of concentrations 
developed in (c) with generally 
accepted quality standards for 
river water receiving multiple 
use. 


(b) 


2. Efficiency of the waste-handling 
operation was determined by: 


(a) compositing hourly waste sam- 
ples during a full shift for four 
consecutive weeks; 

analyzing the composite sam- 
ples in accordance with ‘‘Stand- 
ard Methods’? (6) for pH, 
BOD, temperature, ammonia-ni- 
trogen, phenolic compounds, 
sulfide, cyanide, turbidity, 
COD, and oil (oil analyses were 


(b) 
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performed by refinery person- 
nel) ; and 

(c) comparing estimated reductions 
by the treatment facilities with 
actual reductions after one year 
of plant operation. 


3. Ring studies of the sanitary qual- 
ity of the river water were made to 
determine if a localized problem ex- 
isted. All stream sampling was car- 
ried out during slack-water conditions 
upstream and downstream from the 
point of discharge. 

4. The effect of this discharge on 
the over-all estuary water quality was 
evaluated by applying the modified 
‘‘same-slack’’ technique (4)(7). Vari- 
ous conditions inherent to estuarine 
waters were taken into consideration 
in this evaluation. 


Evaluation of Proposed Waste- 
Handling Procedures 


Effluent Concentrations 


It has been pointed out in Part I 
of this paper that the major portion 
of the work load with respect to re- 
ducing chemical (but not oily) waste 
products is accomplished by three 
stripper operations. The foul-water 
stripper (Stripper A) is provided for 
steam stripping of the segregated 
waste. The charge to this stripper 
contains a major portion of the sul- 
fides, essentially all the ammonia, some 
phenolic compounds, and a major por- 
tion of the hydrocarbons and aliphatic 
acids. 

The flue-gas neutralizing stripper 
(Stripper B) provides for stripping 
and neutralizing crude desalter water 
and spent caustic from the processing 
of straight-run stocks. This stripper 
is charged with comparatively small 
quantities of hydrocarbons and nitro- 
gen-base compounds. However, it does 
handle a sizable portion of the plant’s 
sulfide constituents. 

The third stripper (Stripper C) is 
also a flue-gas neutralizing unit pro- 
vided to neutralize spent caustic used 
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TABLE II.—Estimated Effluent Waste Concentration at Full-Stream 


| Sulfides 
| (mg/l) 
| 


Ammonia 
(mg/l) 


Cyanides 


Condition (mg/l) 


2° | 6.040 
3¢ | 
4¢ 


12 0.540 20: 2 


Operation under Various Conditions 


Phenolic 
| Compounds 
( 


Nitrogen- 
Base 
Compounds 
(mg/l) 


Hydro- 
carbons 


| (mg/d) 


Aliphatic 
Acids 
(mg/l) 


Amines 
(mg/}) 


0.70° 
2.90 
1.32 
0.93 


neutralizing stripper for spent caustic from catalytically cracked stock (Stripper C). 


’ Includes aliphatic acids. 

© Stripper B plus Stripper C. 
4 Stripper A plus Stripper C. 
¢ Stripper A plus Stripper B. 


in treatment of catalytically cracked 
stocks containing phenols and_thio- 
phenolates. This unit handles the ma- 
jor portion of the phenolic compounds. 
The other constituents contained in 
the charge to this stripper are minor 
compared with the constituent charges 
directed to the other units. 

Prior to construction, the waste 
effluent concentrations at full opera- 
tion were estimated. These estimates 
are shown in Table II. The concentra- 
tions shown represent the levels after 
mixing with the plant’s cooling water. 

When all three strippers are in op- 


eration (Condition 1), the waste con- 
centrations in the effluent are low. It 
is possible, however, that mechanical 
breakdown or _ excessive corrosion 
would cause one or more of the strip- 
pers to be taken out of service. Hence 
Table II also shows estimates of waste 
concentrations that obtain for differ- 
ent combinations of strippers. If 
Stripper A (Condition 2) or Stripper 
B (Condition 3) is out of service, a 
rather high sulfide content in the 
effluent would result. The Water Pol- 
lution Commission, therefore, stipu- 
lated that sufficient storage be avail- 


TABLE III.—Estimated Waste Concentrations at Outfall* and 


Maximum Permissible Limits 


Sulfides> 
(mg/l) 
0.27 
3.02 
3.43 
0.34 


Ammonia® 


Condition (mg/l) 


0.102 
0.504 
0.102 
0.102 
Max permissi- 
ble river 
cone. 


1 to 2¢ 2.5 to 1004 


Cyanides¢ 
(mg/l) 


Phenolic 
Compounds 
(mg/l) 
0.088 
0.415 
0.088 


2.55 


Hydro- 
carbons* (ng/t 
(mg/1) mg/l) 


0.35 
1.45 
0.66 
0.47 


<5.0 
<5.0 
<5.0 
<5.0 


0.08 to 0.794 3.0 


7.00.4 


® Refers to turning-basin area which extends 2,000 ft from shore; twofold dilution. 


’ Fish avoid sulfides if possible. 


¢ Buffer capacity and pH are important considerations. 


4 Rapidly reduced by bacteria. 

¢ Hydrocarbons contribute BOD. 

/ Refer to Table II for stripper conditions. 
@ Value from Ref. 9. 

4 Value from Ref. 10. 


* Generally 1 mg/I or less satisfactory for most fish; 5 mg/] lethal. 


750 gal of oil/sq mile visible. 


: 
‘ 

me. | 1.080 | 0.062 0.830 0.65 0.031 Wee 

on. | 0.204 | 0.0235 | 0.196 0.157 — | 0.196 ; 
0.204 | 0.0235 | 5.1 0.157 | 0.39 
Be * Foul-water stripper (Stripper A) plus flue-gas neutralizing stripper (Stripper B) plus flue-gas 

3 

0.012 | 

a 0.031 

0.012 
0.102 
0.20¢ 
| 

alee = 
4 


Vol. 31, No. 4 


able to retain the charge to any 
stripper which may become tempo- 
rarily inoperative. 


River Concentrations 


Initially, the volume of water avail- 
able for dilution had to be known. An 
extremely conservative basis was 
adopted, in that the volume in the 
adjacent ship-turning basin was con- 
sidered as the total available. Fur- 
ther, it was assumed that, because of 
the temperature and organic com- 
pounds in the effluent, the discharge 
would concentrate in the upper 5 ft 
of the river (8), thereby imposing ad- 
ditional limitations on available dilu- 
tion. Consequently, it was estimated 
that under critical conditions a two- 
fold dilution would not be exceeded. 
Estimates of waste concentrations un- 
der these initial mixing and dilution 
conditions are shown in Table III. The 
maximum concentrations considered 
acceptable are also shown. Ineffective 
stripper operation (Conditions 2 and 
3 in Table II) could conceivably pre- 
sent a problem. However, in an estu- 
ary the size of Delaware, only a local- 
ized problem would result. 

The estimated concentrations in the 
river are valid only if similar con- 
stituents from upstream sources are 
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not present. With respect to the in- 
fluence of upstream sources of pollu- 
tion, existing information showed that 
the proposed Tidewater site was lo- 
cated beside a comparatively unpol- 
luted body of water. 

Insufficient information existed in 
1955 as to the tidal area’s waste-build- 
up rate and self-purification capacity, 
two important counteracting forces pe- 
culiar to estuarine waters. It was 
deemed appropriate, therefore, that the 
dilution approach referred to above be 
used until additional information be- 
came available. 


Operating Results 


After a year’s operation the effec- 
tiveness of the treatment facilities 
was measured and compared with the 
estimated effectiveness. This compari- 
son is summarized in Table IV. Dur- 
ing the month-long period of concen- 
trated sampling and evaluation, the 


estimated removal efficiencies, with 
one exception, were closely ap- 
proached. Ammonia removal was 26 


to 33 per cent less than estimated. 
However, the ammonia concentration 
in the stream was still within accept- 
able limits. 

In Table V the average quality of 
the effluent during July 1958 is com- 


TABLE IV.—Estimated and Actual Treatment Efficiencies and River Loadings 


| 


Estimated Actual 
7/1/58 7/8/58 7/15/58 7/29/58 
Waste 
Waste Constituent Total 

Waste* | River | moval | Waste Waste Waste Waste 

(Ib/day) | (Ib/ | (% to | Re | Be | | Re | to | Re 
° day) River | moval | River | moval | River | moval | River | moval 

(lb/ % (Ib/ | (%) (Ib/ (%) (Ib/ (%) 

day) ay) | day) day) 

Sulfides | 29,600 288} 99 | 2,050] 93 0} 100 615 98 204 
Ammonia 5,160 672 87 2,025 61 _ — 2,100 60 2,360 54 
Cyanides 2 48 82 0 100 0 100 
Phenolic compounds 19,380 672 96 710 96 627 97 636 97 1,020 95 
Hydrocarbons | 19,820] 1,750) 91 | | — —}— 
BOD, totalt | \igs 000 8,000 87 8,380 96 31,600 78 9,520 95 19,310 90 


* Refinery production estimated @130,000 bbl/day. 
+ BOD 


t Estimated. Includes total-load—5-day BOD. 


| 
| 


COD attributed (a tear eg included in total BOD and COD. 
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—Effluent Quality Compared with Delaware River Water 
during July 1958 


| 

Sampling Point | 


Refinery effi. 

Cooling-water infl. 

Del. River, main channel* 
Max permissible river conc. 


0.40 | 
0.12 
0.51 

1 to 2 


* Upstream beyond zone of influe nce. 


pared with the average quality of cool- 
ing water and water from the main 
river channel. River concentrations 
were always less than permissible 
maxima. 
Vicinity Investigations 

The cooling water intake for the 
Tidewater Refinery withdraws river 
water at a depth of 40 ft. The treated 
waste is discharged at the surface, ap- 
proximately 0.68 mile upstream. 
Midway between the shores of Dela- 
ware and New Jersey, and directly 
opposite the cooling-water intake and 
waste outfall, is Pea Patch Island 
(Figure 10). This island has a jetty 
which extends northward a distance of 
miles, jointly creating a barrier 
approximately 5 miles long. The main 
ship channel is to the east of Pea 
Patch Island, whereas the secondary 
or the Tidewater channel is located 


3.5 


TABLE VI. 


Sam- 
pling 
Station* 
Station 7/15 
HWSt | 


15 | 7/17 
HWst | LWSt 


7/17 
LWst | 


27.8 6.9 | 
6.7 
6.8 
6.9 
6.9 
7.0 


27.0 
27.0 
27.0 
| 8 26.8 


| 4 | 27.0 


* Sampling 
+t HWS is high-water slack, July 15, 1958. 
t LWS is low-water slack, July 17, 1958. 


Ammonia 
(mg/l) 


1.10 
0.373 


0.27 
2.5 to 10 


-Zone of Influence Studies 


7 
| HWSt 


0.20 


stations are ne n in Figure 10. 


Hydro- 
carbons 
(mg/l) 


Phenolic 
Compounds 


(mg/l) 


Cyanides 
| (mg/l) 


7.61 
1.80 
3.15 
3.0 


0.0 | 

0.0 
| 0.0 
| 0.20 


0.08 to 0.7 


west of Pea Patch Island and its jetty. 
This configuration within the Dela- 
ware River could have the tendency of 
confining or concentrating the refin- 
ery discharge between this barrier and 
the Delaware mainland. Consequently, 
it was considered important that this 
confined area be given additional study. 

To evaluate the zone of influence, it 
was necessary to determine the sanitary 
quality during periods of high-water 
and low-water slack within the con- 
fined area. Several series of ring-type 
studies were made and the results of 
a typical series are shown in Table VI. 
The results show that no localized 
problem exists. In fact, it is and has 
been difficult to establish any evidence 
of refinery waste much beyond the 
Delaware shoreline. 

Several minor variations deserve 
comment. Temperature variations, 
over a distance of approximately 6 
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FIGURE 10.—Location of sampling stations in the vicinity of the Tidewater Refinery. 


miles, were so small that it is con- 
cluded that the Tidewater effluent has 
no effect on the river temperature. In 
fact, it appears to have no effect on 
the cooling water intake 0.68 mile 
downstream. The temperature obser- 


vations confirm the findings of model 
studies (11). 

All BOD values for samples col- 
lected during low-water slack are quite 
low except for samples taken at the 
extreme downstream position in the 
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main ship channel. This latter concen- 
tration level is not indicative of the 
Tidewater effluent but is representa- 
tive of the estuary quality as a whole. 

Various nitrogen analyses show no 
significant changes in and about the 
effluent. An increase in the ammonia- 
and nitrite-nitrogen content was found 
during high-water slack upstream from 
the effluent. ‘The increased concentra- 
tion levels observed cannot be attrib- 
uted to the plant effluent since the 
normal nitrogen concentrations in the 
estuary itself are within this range. 
The nitrate-nitrogen content during 
low-water slack periods also was higher 
in the main ship channel than in the 
Tidewater channel. 

Evidence of phenol was found only 
within the immediate proximity of the 
effluent outfall. No other phenol was 
found within the area of study. Cya- 
nide were negative at all 
times. 


analyses 


Self-Purification of the 
Delaware River 


Problems Involved 


The rapid economic growth and de- 


velopment experienced in Delaware 
and in within the Delaware 
River Basin have accentuated the need 
for extensive pollution studies of the 
Delaware estuary. The state of Dela- 
ware has expended considerable time 
and effort to evaluate the pollution in, 
and the self-purification capacity of, 
this body of water and to predict, if 
possible, its future sanitary quality as 
it may be affected by increased growth 
and development and/or controlled 
flow of the river through upstream im- 
poundments. 

Some of the problems to be encoun- 
tered in evaluating self-purification 
capacity and sanitary quality in an 
estuary may be summarized as _ fol- 
lows: 


states 


1. Estuaries have different mixing 
characteristics from those of a 
straight-run river. 
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2. Theories and formulas for bio- 
chemical stabilization in  non-tidal 
streams do not apply directly to an 
estuary. 

3. Selection of representative sam- 
ples for analysis and the collection of 
these samples can be difficult and 
time-consuming (12) 

4. Theories of tidal-prism mixing 
and flushing time (13)(14) have not 
found universal application. 

5. Factors influencing mixing, flush- 
ing time, and biochemical stabilization 
are numerous within an estuary. 

6. River models employed for estu- 
arine research use inert substances as 
indicators in an attempt to duplicate 
prototype conditions with respect to 
mixing and transit time. However, 
such findings are not directly appli- 
cable to substances subject to bio- 
chemical stabilization. 

7. The need for information on self- 
purification capacity under steady 
state flow conditions, as induced by 
low-flow augmentation, has or will be- 
paramount importance in 
many estuaries. 


come of 


Status of Studies 


A comprehensive study of the water 
resources of the Delaware River 
Basin is being conducted by the Corps 
of Engineers. The need for a com- 
plete inventory of the Delaware’s sani- 
tary quality and a practical under- 
standing of its self-purification 
capacity is both vital and immediate. 
In view of the time limitations and 
the characteristics of the Delaware 
River, an all-out effort is being made 
to hasten this evaluation by applying 
procedures which can provide a good 
approximation of existing conditions. 

The estuarine portion of the Dela- 
ware River from the Bay to Trenton, 
N. J., covers a distance of approxi- 
mately 90 miles. This river is essen- 
tially straight-run iver and 
compared with other estuaries is con- 
sidered quite shallow. The deeper 
waters of the river are rather sharply 
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defined with the maximum depth de- 
viating very little from the dredged, 
40-ft channel. In addition, an excel- 
lent river model exists at the Corps 
of Engineers’ Waterways Experiment 
Station at Vicksburg, Miss. Many 
studies (15) (16) with respect to flush- 
ing time, chloride, and sediment move- 
ments have been conducted on this 
model. 

The initial problem in the study of 
pollution was to establish a procedure 
whereby the river quality could be de- 
termined in the shortest possible time 
and the many variables inherent to an 
estuary kept at a minimum. In 1956 
a modified ‘‘same-slack’’ procedure 
(4)(7) was developed. At first, this 
procedure was used for the lower reach 
of the estuary, but during the fall of 
1956, it was applied to the entire 
estuary in cooperation with Incodel, 
the states of New Jersey and Penn- 
sylvania, and the city of Philadel- 
phia. These investigations were con- 
tinued during the summers of 1957 
and 1958. 

Sampling during studies on the 
Delaware River model at Vicksburg is 
normally performed at high- and low- 
water slack, and consequently a cor- 
relation does exist between the proto- 
type studies and those of the model. 
Within the past two years studies on 
continuous waste discharges have been 
performed on the river model by the 
duPont Company (17) and the New 
Jersey Zine Company (18). Specific 
dispersion characteristics were evident 
from these studies. The state of Dela- 
ware is contemplating further work 
at Vicksburg for the purpose of de- 
termining the buildup rates of con- 
tinuous waste discharges from various 
locations in the estuary with the objec- 
tive of estimating assimilative ca- 
pacity. Present tentative interpreta- 
tion of the experimental work 
performed by the duPont Company 
and the New Jersey Zine Company 
point up the interesting fact that the 
total daily discharge to this estuary 
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may represent less than 10 per cent 
of the total pollution load within the 
estuary, purely on the basis of dis- 
persion, after a state of equilibrium 
has been reached. This observation, 


if valid, further confirms the present 
contention that the ‘‘lion’s share’’ of 
pollution existing in the river is in 
waters 20-ft deep or deeper. 


Effect of Refinery Discharge 


To evaluate the effect of the Tide- 
water Refinery discharge within the 
Delaware estuary, river data collected 
after one year of operation were cor- 
related with data collected during 
*‘same-slack’’ periods for the years 
1956, 1957, and 1958. Although this 
‘*same-slack’’ procedure provides a 
means of determining sanitary qual- 
ity in the entire estuary at equilibrium 
on a single day, comparisons with data 
similarly collected can be made only 
if specific variables are taken into ac- 
count. For example, since tempera- 
ture has such a controlling influence 
on the rate of stabilization, only those 
series having similar temperatures can 
be compared directly. Further, flow 
conditions existing prior to the period 
of the sampling will influence the find- 
ings at a given location. Increased 
flows lessen the time of transit from 
an upstream source of pollution to a 
downstream location. This is reflected 
in the analyses, for less stabilization 
takes place in the shorter transit pe- 
riod. Moreover, from an evaluation of 
the many series of prototype studies 
made, it is evident that the chloride 
content in the lower estuary is far 
more representative of past flow reec- 
ords than either the daily flow or the 
10-day average flow prior to the period 
of sampling. 

The sanitary quality in the lower 
Delaware River between 1956 and 
1958 during low-water slack is shown 
in Tables VII and VIII. Each table 
groups results of similar tempera- 
tures. Table VII presents groupings in 
which the average temperatures are 
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TABLE VII.—Sanitary Quality in Lower Delaware River between 1956 
and 1958 during Low-Water Slack 


| | 
Sampling | po | | 
8/29/57" | 928 | 6.70 | 73 1.5 0.625 | 0.108 | 1.2 30 | 4,950 | 23.2 
| 15.38 | 6.90 | 64 1.1 0.800 | 0.132 | 1.1 45 | 3,400 | 23.2 
| 21.18 | 6.75 | 53 1.9 1.01 0.193 | 1.1 39 | 2,525 | 23.6 
| 26.00 | 6.37 | 39 2.65 | 1.32 0.291 | 1.17 36 1,883 | 24.1 
8/9/56¢ | 9.28 | 6.77 47.7 _- 0.142 | 0.049 — 62 1,457 | 24.0 
| 15.38 | 6.67 | 37.1 1.7 0.158 | 0.050 -- 125 728 | 25.17 
| 21.18 | 6.67 | 25.1 1.14 | 0.142 | 0.064 -- 81 275 | 24.3 
| 26.00 | 6.67 | trace | 1.04 | 0.242 | 0.081 oo 73 80 | 24.7 
9/3/58 | 9.28 | 7.1 69.6 | 2.1 | 0.315 | 0.121 | 1.0 40 | 1,340 | 23.8 
15.38 | 7.2 | 57.7 | 13 | 0.275 | 0.049 | 0.875 | 45 645 | 23.8 
1,18 | 72 50.2 | 2.8 0.220 | 0.077 | 0.937 51 269 | 24.2 
26.00 | 7.0 26.3 | 43 0.200 | 0.110 | 0.900 48 103 | 24.3 
7 /1/58/ 9.28 | 7.4 57 3.85 | 0.365 | 0.026 — 53 840 | 24.2 
15.38 | 7.4 34 3.40 | 0.270 | 0.065 — 68 400 | 24.2 
21.18 | 7.3 19.5 | 7.65 | 0.477 | 0.130 — 67 129 | 24.0 
26.00 | 7.3 16.0 | 8.50 | 0.610 | 0.136 -— 74 42 | 24.2 
| 


* Tidewater effluent enters Delaware River secondary channel at Mile 16; secondary channel 
meets main channel at Mile 13.55. 

* 10-day avg flow at Trenton, N. J., prior to date was 1,733 cfs. 

© 10-day avg flow at Trenton, N. J., prior to date was 5,259 cfs. 

4 Toxicity indicated. 

¢ 10-day avg flow at Trenton, N. J., prior to date was 4,958 cfs. 

/ 10-day avg flow at Trenton, N. J., prior to date was 3,681 cfs. 


TABLE VIII.—Sanitary Quality in Lower Delaware River between 1956 
and 1958 during Low-Water Slack 


| Sampling | DO 
| Location* H Sat BOD NH3-N | NO+N | NOzN Turb. |Chlorides} Temp. 
|(miles fron (%) (mg/l) (mg/l) (mg/l) (mg/l) (mg/)) (°C) 
Del. Bay) 


Date 


2 0.096 


8/15/57t| 9.28 | 7.50 | 82.0 | 3.90 | 0.2 1.78 40 | 4,800 | 25.1 
15.38 | 7.40 | 68.0 | 1.40 | 0.33 | 0.100 | 1.55 40 | 3,250 | 25.3 
21.18 | 6.90 | 60.0 | 1.90 | 0.49 | 0.135 | 1.55 33 | 2,450 | 25.4 
26.00 | 6.43 | 43.0 | 3.15 | 0.60 | 0.277 | 1.67 35 | 1,492 | 25.8 
8/23/56t} 9.28 | 7.17 | 83.3 | 1.60 _ — — 35 | 2,340 | 25.0 
15.38 | 680 | 68.4 | 1.20 | 0.125 | 0.051 | 22 57 | 1,27 25.5 
21.18 | 6.33 | 483 | 2.50 | 0.200 | 0.066 | 1.8 55 603 | 25.5 
26.00 | 5.80 | 38.7 — | 0.267 | 0.124 | 1.5 43 177 | 26.0 
8/19/58§} 9.28 | 7.80 | 61.0 | 0.7 — | 0.03 1.20 58 | 1,460 | 25.0 
15.38 | 7.80 | 52.9 | 2.7 — |0016}] — 68 700 | 25.6 
21.18 | 7.70 | 37.1 | 51 — | 0.028 | 1.26 93 293 | 25.8 


26.00 6.87 24.3 2.2 0.08 0.061 1.09 62 80 25.8 


* Tidewater effluent enters Delaware River secondary channel at Mile 16.0; secondary channel 
meets main channel at Mile 13.55. 

ft 10-day avg flow at Trenton, N. J., prior to date was 2,049 cfs. 

t 10-day avg flow at Trenton, N. J., prior to date was 4,027 cfs. 

§ 10-day avg flow at Trenton, N. J., prior to date was 3,681 cfs. 
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approximately 1°C less than those 
shown in Table VIII. Further, data 
for a particular day are arranged in 
descending order with respect to chlo- 
ride content. The lower chloride con- 
centrations indicate higher stream 
flows prior to the period of sampling. 
Two general observations may be made 
from these tabulations: 


1. As river flows increase, water 
quality is impaired. This was referred 
to previously when the effects of tran- 
sit time were noted. This effect was 
also evident in the upper reaches of 
the estuary. 

2. In all cases, stabilization and re- 
covery of upstream sources of pollu- 
tion are clearly evident in each of the 
years studied, and the differences in 
concentration levels in 1956 as com- 
pared with 1958 are not significant. 
The general sanitary quality of the 
river in 1956 and 1957 does not differ 
from the findings in 1958. It has, 
therefore, been concluded that present 
waste-handling facilities at Tidewa- 
ter’s Delaware Refinery is not only 
satisfactory but after one year of full 
operation the general sanitary quality 
of the estuary within the zone of in- 
fluence of this plant has not changed. 


Summary 


A brief description is presented of 
Tidewater’s Delaware Refinery, the 
largest new refinery ever built as a 
single project. State-industry coordi- 
nation is briefly summarized. Detail 
is given with respect to types of wastes 
derived from each operation, pretreat- 
ment of wastes, and final treatment 
facilities. The estimated waste loads 
and anticipated reductions through 
treatment are compared with operat- 
ing data. 

The anticipated effect of treated 
waste on the quality of the receiving 
water is discussed. Results of ring 
studies to determine local effects are 
included. The effect on over-all estu- 
arine water quality is discussed. Pres- 
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ent waste-handling methods 
found to be satisfactory. 


were 


Conclusions 


1. A study of the efficiency of waste 
prevention measures at Tidewater’s 
Delaware Refinery showed that: 


(a) Original estimates of waste re- 
ductions by steam and flue-gas 
stripping are in good agree- 
ment with operational findings. 

(b) The removal of ammonia com- 
pounds, however, was approxi- 
mately 25 per cent less than 
estimated. 


2. Studies of the Delaware River 
during high- and low-water slack to 
determine the pollutional effect, if any, 
of this waste discharge showed that: 


(a) Individual constituent concen- 
trations are far below selected 
maximum tolerance levels. 
The addition of the treated 
waste did not alter the estuarine 
water quality. 

(c) River quality varies only 
slightly in close proximity to 
the waste outfall, and no loecal- 
ized accumulation of waste con- 
stituents exists. 


(b) 
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AERATION OF WHEY WASTES 
II. A COD AND SOLIDS BALANCE 


By Nanpor Porces AND LENORE J ASEWICZ 
Eastern Regional Research Laboratory,* Philadelphia, Pa. 


This report summarizes recent lab- 
oratory investigations on whey aeration 
and supplements a previous publication 
(1) showing that whey wastes may be 
readily treated under certain conditions 
without nitrogen addition. Under the 
conditions of that experiment, sludge 
accumulation occurred when 1,000 mg/ 
| of whey were oxidized in the presence 
of 2,000 mg/l of sludge. The series of 
experiments was continued, and a bal- 
ance of influent and effluent material 
was assembled. These supplementary 
studies present information on COD 
oxidation, sludge build-up, sludge 
losses from the aerators, and purifica- 
tion potentialities. 


Experimental Procedure 


Two aerators were kept in operation 
for a period of 96 days. One aerator 
received natural whey; the other re- 
ceived the same whey supplemented 
with ammonia to give a COD:N ratio 
approaching that of dairy wastes. 
Temperature was maintained at ap- 
proximately 30°C by submerging the 
glass jar aerators in a water bath. 
Aeration was by means of a turbine- 
type agitator which dispersed air sup- 
plied at the rate of 1.5 volumes per 
minute and provided excess aeration 
for the process. 

In the course of the previously re- 
ported work, it was observed that a 
definite sludge increase was occurring, 
longer settling times were necessary, 
and that some sludge was being lost in 


* Eastern Utilization Research and Develop- 
ment Division, Agricultural Research Service, 


S. Department of Agriculture. 
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the effluent. From that time, 35 days 
after the initiation of the experiment, 
the effluents were carefully recovered, 
measured, and analyzed. The COD of 
the starting sludge was 4,419 mg/] in 
the natural whey treatment tank and 
4,038 mg/l] in the N-supplemented tank. 
Over the following period of 61 days, 
a total of 576 g of whey was added to 
each aerator in 48 doses. Whey feed- 
ings were omitted over week-ends al- 
though aeration was continued. 

The regimen employed was as fol- 
lows: 

To the 4 1 of sludge which had been 
aerating overnight were added 12 g 
whey solids and 8 1 water (plus 0.80 
ml concentrated NH,OH containing 
175 mg N to the supplemented tank). 
The mixed sludge liquor was aerated 
and agitated for 1.5 to 2 hr prior to 
settling of the sludge for 1.5 to 3 hr, 
as necessary. All material above the 
4-1 mark was removed by siphon. 
Aeration and agitation were resumed 
until the next feeding period. The 8 1 
removed as effluent were thoroughly 
mixed and sampled for analysis. Since 
in most cases analyses could not be 
performed immediately, 4 drops of con- 
centrated H,.SO, were added to each 
40-ml sample to arrest microbial ac- 
tivity. These samples were refriger- 
ated for future COD assay. 

Effluents were of varying clarities; 
some were almost clear while others 
were quite turbid. Great variations 
were also observed in amounts of cellu- 
lar material present. A 25-ml portion 
of the fresh effluent was immediately 
filtered through asbestos on a Gooch 
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TABLE I.—COD Balance in a 61-Day Study 
in Which Dilute Whey Was Added 48 
Times to Aerating Sludge 


Natural 


Whey 
Whey 


Item +Nitrogen 


Whey (2.34% H,O) 
Whey carbon 

Whey COD (calculated) 
Whey COD (assay) 
Whey nitrogen (2%) 
Nitrogen added 

Total nitrogen 
COD:N 

Sludge, start COD 
Sludge, final COD 
Sludge increase, COD 
Effluent COD 

COD remaining 

COD remaining 

COD oxidized 

COD oxidized 

Filtrate COD 

Possible COD removal 
Possible removal 

COD oxidized per day 
COD available per day 


© t 
* 


* Per cent. 


The residual material 
dried at 105°C for 24 hr, cooled, 
weighed, and reported as_ effluent 
sludge solids. The filtrate was acidified 
and refrigerated for later COD deter- 
mination. 


erucible. was 


Results 


Table I summarizes the data and pre- 
sents a COD balance on 61 days of 
operation. The whey used in these 
studies contained 2.34 per cent mois- 
ture, and the analysis on the moisture- 
free basis showed it to have 75.1 per 
cent lactose, 2.0 per cent nitrogen (12.5 
per cent protein), 4.37 per cent ash, 
and a carbon content of 39.0 per cent. 
The 576 g of whey added in 48 feedings 
were calculated to have 585.1 g COD 
from its carbon content. Actual analy- 
sis by a rapid assay (2) gave 592.1 ¢g 
COD which was the value used in these 
studies. This same amount of whey 
contained 11.3 g nitrogen, giving a 
COD:N ratio of 52:1. Nitrogen sup- 
plementation of 8.4 g in the second 
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tank gave a total of 19.7 g of nitrogen 
or a COD:N ratio of 30:1 which was 
comparable to skim milk or dairy 
wastes. 

Sludge accumulated in both tanks, 
amounting to an increase of 21.4 g 
COD with treatment of natural whey 
and 26.9 ¢ COD in the other tank. A 
considerable amount of COD was pres- 
ent in the 8-1 effluents collected by 
siphoning—112.9 and 138.3 g. Thus, 
of the 592.1 ¢ whey COD entering the 
systems, 22.7 and 27.9 per cent was not 
oxidized, while about 75 per cent was 
oxidized. It should be noted that only 
2 to 3 per cent soluble COD remained 
in the filtrate. Therefore, a potential 
purification of 97 per cent is possible 
under proper conditions of separation. 

Over the 61-day period of this ex- 
periment, the average amount of 
natural whey COD disappearing by 
oxidation was 7.5 g/day from an avail- 
able 9.7 g, or 77 per cent. The ac- 
cumulated data on _ solids balance 


(Table II) corroborates these findings. 


The 25 feedings made in the last 35 
days of the experiment amounted to 
300 g whey solids, 78 per cent of which 
was oxidized. Nitrogen supplementa- 
tion had a negative influence. 

The available data can be used to 
determine the amounts of whey and 
sludge oxidized. First, assuming that 
62.5 per cent of the available COD of 
whey wastes is converted to cell COD, 
the 9.7 g (Table I) should produce 6.1 
g of cell COD by the assimilation 
process (3). The theoretical amount 


TABLE II.—Solids Balance of Last 25 
Feedings in 35 Days 


Natural 
Whey 
(g) 


Item 


Whey added 
Effluent sludge 
Solids oxidized 234.9 212.7 
Solids oxidized 78.3* 70.9* 
Solids oxidized per day 6.7 6.1 
Solids available per day 8.6 8.6 


300.0 


65.1 


300.0 
83.7 


* Per cent. 


; 
576.0 576.0 
219.4 219.4 
585.1 | 585. 
592.1 592. 
11.3 11. 
0 8. 
‘ ( 
11.3 19. 
52:1 30: 
53.0 | 48. 
74.4 | 7. 
7 112.9 138. : 
134.3 165. : 
 o7 ll 
458.8 426.9 
77.3* 72.1* 
188 | 12.7 
573.3 | 579.4 
96.8* | 97.9* 
| 9.7 | 9.7 
| | ‘ : 
| 
: 
+Nitrogen 
(gz) 
« 
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oxidized to carbon dioxide, therefore, 
will be 3.6 g. Since there was a total 
COD of 7.5 g oxidized per day, the 
remaining 3.9 g@ were apparently lost 
through sludge burn-up and thus estab- 
lish daily sludge oxidation rate of 5.24 
per cent. An accumulation of sludge 
occurred equivalent to 6.1 g produced 
less the 3.9 g oxidized or 2.2 g COD. 

The rate of whey feeding and of 
sludge oxidation necessary to maintain 
a state of dynamic equilibrium may be 
ealeulated easily. If only 7.5 g¢ whey 
COD were added, 4.7 g¢ would have 
been converted to cells and 2.8 g¢ would 
have been eliminated as carbon dioxide. 
If 74.4 ¢ sludge COD are assumed as 
the initial concentration, the sludge 
oxidation rate would have been 6.32 
per cent. Daily oxidation of 10 units 
of whey COD should be possible by 
100 units of sludge cells. The 12 g 
whey feedings would have required 120 
g¢ sludge COD or 96 ¢g sludge. This 
sludge oxidation rate slightly exceeds 
the 5.5 per cent recently reported by 
Kountz and Forney in their study on 
activated sludge total oxidation metabo- 
lism (4). The value is somewhat less 
than that proposed by the 6-hr War- 
burg study on skim milk wastes by 
Hoover and associates (5) in which it 
was estimated that 10 to 20 per cent 
of the sludge is oxidized per day. The 
latter value was used by Kountz in 
designing a rapid ejector aeration proc- 
ess for the treatment of dairy wastes 
(6)(7). 

Wuhrmann (8), in discussing the 
factors affecting efficiency and solids 
production in the activated sludge 
process, stated that it is theoretically 
possible to run a plant without any 
sludge production provided no in- 
soluble and unfermentable solids are 
introduced with the waste. Under 
actual operating conditions, however, 
an ideal environment for total sludge 
oxidation rarely has been attained ; and 
slight quantities of substances that can- 
not be oxidized within the aeration 
tank are formed. Yet, total oxidation 
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plants are in use. The success of dairy 
waste aeration plants led Tapleshay 
(9) to the application of this type of 
treatment to municipal and other 
wastes. Purifications of 75 to 90 per 
cent in the presence of sludge concen- 
trations of 3,000 to 12,000 mg/l were 
obtained with long periods of aeration. 
However, an occasional wasting of 
sludge is necessary. Likewise, the com- 
plete mixing activated sludge system 
devised by McKinney et al. (10) was 
designed to operate without production 
of excess sludge, yet solids are expected 
to inerease slowly. Ettinger (11) em- 
phasized the use of lengthy aeration 
times to avoid disposition of excess 
sludge and to avoid nitrogen supple- 
mentation. That nitrogen  supple- 
mentation was not necessary is demon- 
strated in this current study. The 
effluent was withdrawn shortly after 
the whey had been assimilated and 
before extensive sludge oxidation had 
taken place. Additional aeration oxi- 
dized the sludge and released nitrogen 
to meet the demands of synthesis for 
subsequent assimilation and oxidation 
of the whey wastes. 


Summary 


1. COD and solids balances are pre- 
sented for an extended period of whey 
waste aeration in which the sludge- 
whey mixture contained 1,000 mg/I 
whey. 

2. An average of 75 per cent of the 
influent whey COD was oxidized. With 
proper removal of sludge from the 
effluent, a purification of 97 per cent 
is possible. 

3. Although a sludge COD oxidation 
rate of 5.2 per cent per day was ob- 
tained, sludge accumulation 

4. Nitrogen supplementation of whey 
waste offered no advantages in the 
regimen employed. 

5. Calculations show a possibility of 
a dynamic equilibrium when 100 units 
of sludge are used to treat 10 units of 
whey, based on a 6.3 per cent per day 
sludge oxidation rate. 
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ORGANIZATION FOR LIQUID WASTE CONTROL IN 
GENERAL MOTORS CORPORATION * 


By Davin MILNE 


Supervisor, Materials and Processes, Production Engineering Section, 
General Motors Corporation, Detroit, Mich. 


As in many other large organiza- 
tions, the industrial waste control pro- 
eram of General Motors was a gradual 
development over the years. It was 
not suddenly decided that the Corpora- 
tion was faced with a problem in waste 
control and that, therefore, a centrally 
organized activity should be developed 
to evaluate these problems and to ad- 
vise and supervise the various Divi- 
sions in taking care of waste control 
problems. Work on the control of in- 
dustrial wastes was carried on inde- 
pendently by the individual Divisions 
as the need arose. 

Probably the first activity which 
could be described as waste control was 
that of the continual evaluation of 
manufacturing processes to minimize 
losses due to waste. At that time little 
was known about recovery of materials 
from wastes and the techniques and 
equipment available for recovery of 
valuable materials were rather limited. 


Early Treatment Methods 


Certain easily identifiable wastes of 
a highly undesirable nature, such as 
cyanides, were treated on a spot basis, 
and the first piece of equipment built 
at General Motors for waste treatment 
was developed to destroy cyanides. 
This was an application of the use of 
acids for conversion of cyanide salts to 
hydrocyanie acid and ultimate disposal 
of the gas to the atmosphere. 

This first treatment system was estab- 
lished in 1934 and was simply a used 


* Presented at the 31st Annual Meeting, 
Federation of Sewage and Industrial Wastes 
Assns.; Detroit, Mich.; Oct. 6-9, 1958. 


plating tank fitted with a device to 
allow introduction of acid, and pro- 
vided with ventilating fans to blow the 
released gas up a high stack (Figure 
1). Analytical methods were not suffi- 
ciently developed at that time to make 
sure that all cyanides were destroyed, 
and occasional difficulties with the sys- 
tem can be traced to lack of accurate 
eontrol techniques. 

The next Division to build a treat- 
ment system designed it to retain all 
of the liquid wastes being discharged 
from plant processes, with the excep- 
tion of strong cyanides. Recognizing 
that evyanides represent an unusual and 
specific problem in waste treatment, a 
separate system was installed to handle 
this waste by the acid destruction 
method (Figure 2). Other wastes were 
simply accumulated in large holding 
basins and were discharged at a con- 
trolled rate and pH to the local sewer 
system. This system was installed in 
1938 and was considered an acceptable 
approach to waste control at that time. 

Somewhat later, in 1941, another 
Division of the Corporation was faced 
with treatment of wastes from an en- 
larged plating system. As a result of 
consultation with other Divisions of 
the Corporation, with plating chemical 
suppliers, and with representatives of 
the State Health Department on what 
could be done to handle this increase 
in plating wastes, a system of regu- 
lated discharge was established (Fig- 
ure 3). This method has remained in 
use until the present time. 

These early approaches to waste con- 
trol are brought out to illustrate the 
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FIGURE 1.—First cyanide waste destruction system built by General 
Motors Corporation (1934). 


point that each of the problems re- 
quired a different approach to reach 


a solution. In one case there was obvi- 
ous need for chemical destruction. In 
a second, there was need for both 
chemical destruction of concentrated 
wastes and lagooning to adjust the 
concentration and flow of the dis- 


charge. In the third case, it was found 
by group study that there was no need 
for chemical treatment of the wastes 
but that consideration of the over-all 
situation permitted the plant to dis- 
charge its wastes in a manner satis- 
factory to the local authorities and at 
the least cost to the industry. 


FIGURE 2.—Waste accumulation basins for neutralization and settling 


of wastes. 


Cyanide destruction system is in right background (1938). 
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FIGURE 3.—Lagoons used for regu 
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lated discharge of concentrated and 


dilute plating wastes and cooling waters. 


The examples also point out that 
while the early approaches to waste 
control were based on individual Di- 
visional thinking, the group study tech- 
nique used by the third Division proved 
to be more satisfactory in that it 
brought into the picture the combined 
efforts of the plating chemical supplier, 
of other Corporation chemical engi- 
neers who had at least some limited ex- 
perience with waste control, and the 
close cooperation and approval of the 
State Health Department. 

From the end of 1941 until well into 
1945, active development of waste 
treatment systems was suspended due 
to preoccupation with war production. 
While active waste control work was 
suspended, further thinking along the 
lines of the need for waste control and 
how the Corporation might be better 
organized for effective and economical 
waste control was still continuing. 


Formation of Industrial Waste 
Committee 


In 1945, therefore, the first step 
toward this goal was taken in the de- 
velopment of the General Motors In- 
dustrial Waste Treatment Committee 
under the sponsorship of the GM Pro- 
duction Engineering Section. This 
committee was originally made up of 
seven men selected from certain Di- 


visions and staff activities which had 
interests in waste treatment. The need 
for such a move was evident and in- 
terest in the Corporation grew very 
rapidly. From a group of seven, meet- 
ing somewhat irregularly to discuss 
waste treatment, the committee ex- 
panded to 46 men, representing 26 
staff activities or Divisions, all inter- 
ested in what techniques were available 
to their Divisions to help them solve 
their particular problems. 

During these early years the discus- 
sions which developed in the committee 
served to emphasize the fact that the 
main interest and value of the program 
were not in the direction of treatment 
of wastes, but in learning how to con- 
trol these wastes so that treatment costs 
could be kept at a minimum and so that 
valuable materials which would other- 
wise be lost could be recovered for 
reuse. Realization of this objective 
prompted the committee to change its 
name in 1947 to the General Motors 
Industrial Waste Control Committee. 


Activities of the Committee 
Bases of Activity 


At first a review of earlier work 
within the Corporation was made. 
This was done mainly to stimulate 
thinking and to allow others to use 
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information 
waste control. 

The second phase of the Committee’s 
activities was to study the restrictions 
being placed on discharge of wastes by 
various control authorities. To do this 
the Committee scheduled discussions 
with the chief engineers of the health 
departments of several states, and with 
the directors of federal and interstate 
control agencies. These meetings served 
to focus the attention of the Divisions 
on the fact that restrictions were being 
developed, and in some cases being 
written into the law, for their guid- 
ance in the control of waste solutions. 
It also emphasized that the surge of 
activity to correct the polluted condi- 
tion of streams was not temporary. 

Emphasis was placed on the fact that 
waste control should be considered a 
necessary part of each manufacturing 
process, and that it was advantageous 
to engineer waste control techniques 
into a process at the time it was in- 
stalled. The program of the Industrial 
Waste Control Committee at that time 
included distribution of published ma- 
terial on pollution and its control to 
Divisional management to keep them 
abreast of progress. 

The third phase of the work of the 
Committee was to study what had 
been done by other industrial organiza- 
tions in the metal working field to 
handle wastes. This was done by en- 
couraging Committee members to at- 
tend meetings of national associations 
which included sessions on waste con- 
trol as part of their program, and 


previously developed in 


either to schedule speakers from other 
industries to appear at the Committee’s 


meetings or to have the entire Com- 
visit organization which 
had done an outstanding job of con- 
trolling its wastes. 

The work done by the Committee 
during this time resulted in the 
gradual development of a backlog of 
information and experience for the 
Committee members. As this program 
continued, more and more of the Com- 
mittee members were being faced with 
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the problem of making decisions on the 
kind of waste control needed for their 
plants. In general, and because of the 
experience gained through Committee 
participation, the decisions made were 
sound for the kinds of wastes at hand 
and in view of the available infor- 
mation. 

The fourth phase of the Committee’s 
history was a review of the work done 
by General Motors in industrial waste 
control since organization of the Com- 
mittee. This was one of the most valu- 
able phases of the Committee’s ex- 
istence. Those who had pioneered in 
the design and installation of waste 
treatment plants were now in a po- 
sition to advise other Divisions on the 
basis of their experience with the early 
treatment plants. The general attitude 
was ‘“‘On the basis of what I know 
now, what would I do if I had to build 
this waste treatment system over 
again?’’ Committee members de- 
scribed their installations, and pro- 
vided an honest evaluation of the good 
points and bad points of the equipment 
which they had to build, operate, and 
maintain. Using this critical approach, 
Divisional engineers were able to pro- 
vide those whose treatment require- 
ments developed later in the program 
with some of the most practical and 
valuable advice available to them. 

In the interest of industrial waste 
control, the Corporation has sponsored 
a total of 81 meetings of the Industrial 
Waste Control Committee and its sub- 
sidiary groups since its formation in 
1945, 

All of this activity resulted in the 
fifth and present phase of operation 
of the Industrial Waste Control Com- 
mittee. In this phase a strong but 
small Industrial Waste Control Ad- 
visory Group has been established. 
This group is made up of individuals 
who have detailed and expert knowl- 
edge of the field of waste control, and 
includes men who have designed, built, 
and operated extensive waste treatment 
facilities in different areas of manu- 
facturing. It also includes men who 
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have worked closely with national and 
interstate organizations in the develop- 
ment of waste control philosophy and 
legislation, and men who have adminis- 
trative responsibility for the control of 
industrial wastes in Divisions having 
from 20 to 30 operating plants. 

With this strong Advisory Group, 
the General Motors Corporation is now 
in a position to offer advisory service 
to any of its Divisions in need of help. 
Part of the program is to make sure 
that the Divisions are kept aware that 
control of wastes is an activity requir- 
ing continued review to obtain greatest 
value. 

The continual need for keeping the 
Corporation as a whole informed of 
new developments in waste control is 
recognized. ‘To do this the Advisory 
Group arranges for at least two con- 
ferences of Divisional personnel each 
year to study phases of industrial 
waste control which are of current 
value. A typical conference will have 
one of the Division’s waste handling 
and treatment facilities discussed in de- 
tail by one of the individuals respon- 
sible for the design, installation, and 
operation. Inspection of the facilities 
will follow. An outside expert will be 
brought in to discuss a specialized phase 
of industrial wastes. Several Corpora- 
tion professional men will report on 
individual treatment methods or prob- 
lems at various Divisions or of interest 
to Corporation activities. An open dis- 
cussion on operating problems and new 
developments will encourage all in at- 
tendance to participate. 


Outside Consultants 


In general, the Advisory Group rec- 
ommends that any Division faced with 
a waste control problem secure the 
service of a competent outside consult- 
ant to determine the direction of its 
waste control effort. At first glance 
this may seem surprising in view of 
the wealth of experience available 
within the Corporation. Each member 
of the Advisory Committee is, however, 
an engineer with heavy commitments 
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to his own Division, and it is rarely 
possible to have him assigned to an- 
other Division in the capacity of a con- 
sultant. Another reason for this atti- 
tude is that in the study of a waste 
control problem, including a survey of 
the wastes involved, determination of 
possible conservation measures, selec- 
tion of treatment methods, and develop- 
ment of treatment equipment, design 
and installation techniques are usually 
beyond the capacity of a member of a 
Divisional staff who is also pressed 
with other responsibilities. 

An outside consultant brings to the 
job the experience gained in the study 
and solution of problems in other re- 
lated manufacturing organizations. 
With the help of the Division’s tech- 
nical staff, he can secure the informa- 
tion needed to permit a relatively ac- 
curate evaluation of the waste prob- 
lem. He knows from experience what 
things to look for and what things are 
usually overlooked in a survey made 
by industrial people. His job is to 
know what treatment methods are the 
most satisfactory under a multitude of 
different conditions, and to be able to 
select the right design and capacity of 
equipment to handle these conditions. 
He usually has a good working relation- 
ship with the control authorities and 
will act as a spokesman for the Division 
in negotiations with these authorities. 

Within the Corporation, however, 
a check and balance system is provided 
in that while the employment of a 
consulting firm is recommended to se- 
cure information on waste control, a 
recommendation is also made to the Di- 
vision that the findings of this consult- 
ant be reviewed by the Industrial 
Waste Control Advisory Committee in 
the presence of the consultant and the 
Division’s engineers. This brings into 
play the combined experience of the 
Advisory Group in the practical han- 
dling and operation of similar waste 
control systems. In nearly all cases 
this check of the consultant’s work has 
resulted in mutual agreement to modify 
some of the engineering approaches to 
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the problem, and has in all cases re- 
sulted in a more satisfactory installa- 
tion of treatment or control equipment. 


Design and Construction 


Another phase of the General Motors 
Corporation activity in the waste con- 
trol field has developed within the last 
10 years and is confined almost en- 
tirely to the area of design and con- 
struction of waste treatment plants. 
This is the work handled by the Argo- 
naut Realty Division which was estab- 
lished to design and build manufactur- 
ing plants for the Corporation. The 
Divisions of the Corporation realized 
that this organization could also help 
in the design and construction of waste 
treatment plants, and several Divisions 
have made use of Argonaut for this 
purpose. Part of the present program 
of Argonaut Realty Division is in help- 
ing the other Divisions determine what 
is needed for waste control. It then 
undertakes to design treatment facili- 
ties, and to supervise construction of 
the waste control plant. 

It should be emphasized that General 
Motors is a highly decentralized organi- 
zation and no pressure is placed on the 
Divisions to follow any predetermined 
course of action. The possibilities for 
most effective action on waste control 
problems are made clear to the Di- 
visions and their choice of method for 
solution of the problem will depend 
on local conditions, on the availability 
of consulting help, and on the nature 
of the waste control problem involved. 
A Division may elect to handle the en- 
tire waste control problem by itself in 
the event it has personnel capable and 
experienced enough to do the job satis- 
factorily. On the other hand, the Di- 
vision may turn the entire job over to 
an outside cpnsulting firm on a turnkey 
basis, and depend on that firm to build 
a waste treatment facility which will 
meet the requirements of the Division. 
Again, the Division may turn to Argo- 
naut Realty Division for help in the 
solution of its waste control problem, 
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and ask that organization to solve the 
entire problem in much the same way 
as it would an outside consultant. 

In most cases the Divisions will also 
seek the help of the Industrial Waste 
Control Advisory Group to review the 
recommendations made for the solution 
of their waste control problem. This 
has resulted in a strong but exceedingly 
flexible activity toward solution of 
waste control problems in the Corpora- 
tion. It has resulted in the construc- 
tion of minimum facilities, such as a 
single tank for destruction of concen- 
trated cyanides, to the building of some 
of the largest industrial waste control 
plants in the country. 


Principles 


One phase of the industrial waste 
control activity of the Central Office 
should not be overlooked. Along with 
the education of technical and manage- 
ment people in the Corporation on 
what had to be done in control of 
wastes, a program of complete coopera- 
tion and, in some respects, education 
of regulatory authorities in the States 
and in the Federal Government was 
established. This program was de- 
signed to make sure that the men in 
these organizations knew exactly what 
was going on at General Motors in the 
area of waste control. The program 
has helped tremendously in securing 
an atmosphere of cooperation, good 
will, and mutual understanding. It is 
maintained, however, that the existence 
or nonexistence of state or federal regu- 
lations should have no effect on appli- 
cation of waste control measures in the 
Corporation. As a matter of funda- 
mental principle it is believed that 
Corporation plants should not pollute 
the waters of the community and that 
each organization should take every 
step within reason to be a good citizen 
of its community. 


Installations 


It is of interest to look at some of 
the work done in the Corporation in 
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the area of waste control. Obviously 
procedures and treatment plants can- 
not be discussed in detail. Waste treat- 
ment, recovery, or control facilities 
have been built in over 95 plants at a 
cost of about $30 million for initial 
construction. A review of three instal- 
lations will illustrate Divisional ap- 
proach to conservation of materials, 
treatment of only one waste, and treat- 
ment of all wastes from metal working 
operations. 


Materials Conservation from Plating 


Although vacuum evaporation has 
been applied successfully to the recov- 
ery of copper plating solution, nickel 
plating solution, and _ principally 
chromium plating solution for a num- 
ber of vears, the Corporation only re- 
cently has made use of evaporators 
operating at atmospherie pressure. 

One of the Divisions has installed 
atmospheric evaporators for recovery 
of chromium and nickel plating solu- 
tions from dilute reclaim rinses, and 
has had considerable success with. their 
operation. Figure 4 shows equipment 
used in the nickel recovery system. 
The system includes (a) a holding tank 
(for continuous treatment, if desired), 
(b) a recirculation tank with pumps, 
(c) an evaporator tower, (d) an air 
blower, and (e) heat exchangers. Al- 
though the system may be operated 
continuously, the activity has been con- 
fined to batch treatment. 

Nickel solution carried over on parts 
after nickel plating is allowed to con- 
centrate in a reclaim rinse to approxi- 
mately 10 oz/gal then is transferred to 
the recovery system recirculating tank. 
Approximately 1,000 gal of this re- 
claim solution is treated as a batch. 
At the beginning of the cycle the so- 
lution is pumped from the recirculating 
tank through heat exchangers to raise 
the temperature of the solution to 
175°F. From the heat exchangers the 
solution is pumped to the top of the 
evaporator tower where it is permitted 
to trickle through berl saddles against 
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FIGURE 4.—Typical apparatus for at- 
mospheric evaporation and concentration of 
plating wastes. 


an upfiow of air supplied by the 
auxiliary blower. In approximately 10 
hr the original 1,000 gal is concen- 
trated to about 300 gal with a concen- 
tration of 35 oz/gal single nickel salts. 
The recovered solution is added to the 
nickel plating tank. 

One presumed advantage of the 
atmosphere evaporator over the vacuum 
evaporator as applied to nickel solu- 
tions is that the wetting agents do not 
have to be destroyed. However, actual 
experience has indicated that some 
foaming does occur. 

A disadvantage is that no deionized 
water is produced by atmosphere 
evaporation. On the other hand, no 
cooling water is required. Operating 
costs are similar. 


Treatment of a Single Waste 


A second direction of activity is 
treatment of a primary waste, with in- 


453 

3 
3 
q 


$54 SEWAGE 


AND INDUSTRIAL WASTES 


April 1959 


FIGURE 5.—Holding tanks, oil storage tanks, and primary clarifiers at 
a large oil waste treatment plant. 


cidental recovery of a usable material. 
In this case most of the waste solutions 
treated are pumped by a relay system 
from all manufacturing areas to a 
centrally located disposal plant. 
Wastes pumped to this plant are pri- 
marily oils, but include some greases, 
alkalies, paint spray booth solutions, 
chromie acid, and phosphate wastes. 
Here the wastes are collected in either 


of two 750,000-gal collection tanks to 
be skimmed and then processed as a 
batch (Figure 5). 

Clarification is accomplished in two 
Chemicals used in the primary 
clarification include waste pickle acid 
(hauled by truck to the disposal site 
and stored in 10,000-gal lined tanks), 
alum, and sometimes ferrous sulfate. 
Chemicals used in final clarification in- 


stages. 


FIGURE 6.—Second stage treatment tanks and sludge drying beds in an 
oil waste treatment plant. 
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FIGURE 7.—Characteristic sludge bed produced from oil waste treat- 
ment plant. 


clude lime, ferrous sulfate, Guartee (an 
organic coagulant derived from the 
Guar Bean), and sometimes alum. Fig- 
ure 6 shows some of the equipment 
used in this operation. 

Sludge is dried either by vacuum 
filtration or on sludge beds (Figure 7). 
Final disposal is by land fill. Wastes 
hauled by truck to this plant include 
sulfuric acid anodizing solutions and 
spent pickle wastes (HCl, H,SO,, 


H,PO,, and HNO,). Primary wastes 
are the alkaline and oily solutions. The 
oil, skimmed from the collection tanks, 
is treated with concentrated sulfuric 
acid plus live steam injection. The 
clarified oil has a water content of one 
per cent by volume or less. This oil 
has been burned as a fuel oil, sold as 
a high grade salvaged oil, and with 
additives made into a high grade cut- 
ting oil. 


FIGURE 8.—Artist’s drawing of waste treatment system for plating and 
oil wastes from a large automotive manufacturing and assembly plant. 
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General Metal Working Wastes 


The third example is that of a treat- 
ment plant designed to handle a wide 
complexity of wastes from metal work- 
ing, including plating, cleaning, oils, 
and pickling wastes. Treatment facili- 
ties previously located in the various 
manufacturing plants at the Division 
have been replaced by a large centrally 
located waste treatment plant (Figure 
8). Waste solutions are pumped from 
sumps located in the manufacturing 
areas to the waste treatment plant 
through six separate influent waste 
lines: (a) strong cyanide wastes, (b) 
dilute cyanide wastes, (c) strong metal- 
lic wastes, (d) weak metallic wastes, 
(e) alkali-acid wastes, and (f) alkali- 
oily wastes. Each influent line flows 
into two holding tanks, and each tank 
has a capacity equal to the total flow 
for one operating day. The waste 
plant was designed to treat the con- 
tents of each holding tank in 16 hr. 

Each of the 12 holding tanks is 
equipped with a mixer, which helps to 
maintain a homogeneous solution for 
treatment (Figure 9). The waste so- 
lutions flow from the holding area to 
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the treatment systems closely grouped 
near the main control and operating 
building. This building houses the 
electronic control and monitoring 
equipment, and other units such as 
feeders, filters, ete. 

The strong cyanide wastes are added 
in small quantities to the dilute eya- 
nide wastes. Tank car quantities of 
chlorine gas are required for the alka- 
line chlorination method used. Liquid 
chlorine is piped from the tank car to 
the evaporators and the chlorine is then 
injected into the wastes. 

After treatment the solution is 
pumped to three polishing tanks shown 
in Figure 10. These tanks serve as 
intermediate holding tanks to insure 
that the treatment has been completed. 
If, for some reason, the solution re- 
quires further treatment it is pumped 
to the main holding tank. If no fur- 
ther treatment is required the solution 
is pumped to a final clarifier. 

Alkali-acid flow from the 
holding tank to a mixing tank where 
acid or alkali is added automatically to 
maintain the effluent within the desired 
pH range. 


wastes 


Strong metallic wastes 


FIGURE 9.—Overhead view of the control building and some of the 
treatment tanks in the plating and oil waste treatment system. 
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FIGURE 10.—Reaction basins and polishing tanks for alkali-chlorine treatment of 
cyanide wastes. Final clarification tanks are in far left background. 


(principally chromium-containing 
lutions) are added in small quantities 
to the weak metallic wastes and are 
treated by the reduction of hexavalent 
to trivalent chromium with sulfur di- 
oxide. Alkali-oily wastes from the 
manufacturing plants are pumped to a 
primary clarifier where free oil is 
skimmed and the solids are removed. 
From the clarifier the effluent flows to 
the two holding tanks in this system. 
From the holding tanks the oil-contain- 
ing solutions flow to an _ oil-flotation 
unit where air and coagulants are used. 
The effluent from the oil-flotation proe- 
ess flows to a final clarifier while the 
oil-containing floc is removed and de- 
watered on vacuum filters. Final 
clarifiers receive the effluent from the 
various treatment processes and serve 
as a final point of treatment prior to 
discharge of the wastes. 


Summary 


This paper traced the development 
of a system for providing engineering 


advice to divisions of a large corpora- 
tion toward the solution of industrial 
waste problems. Starting with a brief 
historical review of the work done by 
the General Motors Corporation in 
waste control, it then proceeds to out- 
line the kind of waste control advisory 
and engineering activity found to be 
most practical for the decentralized 
structure of the Corporation. It in- 
cludes a discussion of the organization 
of an industrial waste control commit- 
tee for the study of waste problems 
and its use as an advisory group toward 
the solution of problems in the various 
General Motors Divisions. The assign- 
ment of a central General Motors engi- 
neering activity to design and construc- 
tion of industrial waste treatment 
plants is also described, together with 
an explanation of how these activities 
cooperate toward the solution of Di- 
visional problems. The paper gives a 
brief description of three widely dif- 
ferent waste treatment operations in 
General Motors Corporation. 
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Stream Pollution 


STUDIES ON THE OCCURRENCE AND DEGRADATION 
OF CONDENSED PHOSPHATE IN SURFACE 
WATERS * 


By Ricuarp S. ENGELBRECHT AND JAMES J. MORGAN 


Respectively, Associate 


Professor and Instructor of Sanitary Engineering, 


University of Illinois, Urbana, Ill. 


Background 


It is logical to expect that the rapid 
increase in the use of synthetic de- 
tergents during the past ten years has 
been accompanied by the presence of 
greater quantities of synthetic deter- 
gent compounds in sewage effluents 
and in surface waters. While numer- 
ous isolated reports of the concentra- 
tions of synthetic detergents in sewage 
and surface waters have appeared, 
there has been relatively little investi- 
gative research devoted to establish- 
ing the levels of synthetic detergent 
components in sewage effluents and in 
surface water supply sources. It is 
known that present-day synthetic de- 
tergents contain, as relatively major 
components, the inorganic condensed 
phosphate salts, sodium tripolyphos- 
phate (STP) and tetrasodium pyro- 
phosphate (TSPP). About 50 per 
cent by weight of most of the built de- 
tergents sold today is composed of a 
combination of STP and TSPP. 

It has been suggested that the con- 
densed phosphate compounds of syn- 
thetic detergents might find their way 
through sewage treatment plants and 
surface waters and into water supply 
intakes. STP and TSPP are 
known to possess inherent peptizing 
and deflocculating properties, their 

* Presented at the 3lst Annual Meeting, 
Federation of Sewage and Industrial Wastes 
Detroit, Mich.; Oct. 6-9, 1958. 


Since 


Assns.;: 


presence in water supplies could con- 
ceivably produce interferences with 
normal coagulation and sedimentation 
operations in conventional water treat- 
The studies reported 
in this paper are concerned with: (a) 
the concentrations of condensed phos- 
phates found in sewage effluents and 
in surface waters in Illinois, and (b) 
the persistence of condensed phosphate 
compounds in natural waters. 


ment processes. 


Phosphates in and Surface 


Waters 


The determination of condensed 
phosphates attributable to synthetic 
detergents is complicated by the fact 
that the phosphates in sewage effluents 
may originate from sewage, water 
treatment operations, or miscellaneous 
industrial operations, as well as from 
household synthetic detergents. Fur- 
thermore, phosphate compounds in 
surface waters are known to occur in 
part from natural drainage of agri- 
cultural land. 

Rudolfs (1) reported an average 
phosphate concentration in raw sew- 
age of 5.2 mg/l as P2O; in 1947. The 
average concentration in effluents from 
biological treatment was 0.5 mg/l] as 
P.0O;. Rudolfs indicated that per 
capita phosphate contributions from 
domestic raw sewage were from 3.3 X 
10° to 7.5 x Ib/day as P2Os. 
Sawyer (2) caleulated that the con- 
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tribution of phosphates used in the 
detergent and water softening indus- 
try during 1950 amounted to 10 x 10% 
lb/day/cap as P2O;. Estimates by the 
Association of American Soap and 
Glycerine Producers indicated a syn- 
thetic detergent consumption of 16 
lb/eap for the year 1955. This cor- 
responded to a contribution of 12 x 
10° lb/day/cap as P20; to sewage by 
household synthetic detergents alone. 

The contribution of phosphate to 
surface waters by agricultural drain- 
age in the Madison, Wisconsin, area 
was investigated by Sawyer (3). He 
reported total phosphorus land drain- 
age of approximately 1.6 Ib/day/sq 
mile, of which approximately 75 per 
cent was organic. The effects of land 
drainage on water quality were treated 
by Silvey (4), who discussed phos- 
phorus transformations in cultivated 
soils, observing that organic phos- 
phorus in plant leaves may be oxidized 
to soluble phosphates. Sudden addi- 
tions of water—through rainfall, for 
example—could then wash phosphates 
to the streams. 

A portion of the raw data on phos- 
phates in surface waters, also pre- 
sented in this paper, was reported by 
Dietz and Harmeson (5), who con- 
cluded that the average total phos- 
phate concentration in Illinois surface 
waters was 0.648 mg/l as P2O;5. Solely 
on the basis of stream analysis data, 
they estimated that the phosphate con- 
tribution from domestic sewage would 
range from 7.07 Xx 10° to 87.3 x 10-4 
lb /day /cap. 


Degradation of Condensed Phosphates 


Because the ‘‘builders’’ or supple- 
mentary compounds in commercial 
synthetic detergents include condensed 
phosphates, these compounds are of 
particular interest as they appear in 
sewage effluents and receiving waters. 
Of interest in this study was the prop- 
erty of such compounds to undergo 
what is referred to as hydrolysis, hy- 
dration, reversion, or hydrolytic de- 
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gradation. That is, these compounds 
have the tendency to react with water 
to form, ultimately, orthophosphate. 
This property, as well as others, has 
been discussed in several articles (6) (7) 
(8). In summary, it has been found 
that the rate of hydrolytic degrada- 
tion of condensed phosphates is influ- 
enced by many factors. These in- 
clude: temperature; pH; enzymes; 
colloidal gels, e.g. hydrated oxides of 
iron and aluminum; complexing ca- 
tions, e.g. calcium; concentration; and 
the ionic environment of the solution. 

Of interest in this study was the in- 
vestigation reported by Sawyer in 
1952 (2), who studied the degradation 
of STP and TSPP in domestie sewage. 
Using 10 mg/l phosphorus or 22.9 
mg/l as P20; of STP and TSPP sepa- 
rately, Sawyer found STP was de- 
graded much more slowly than TSPP. 
He also observed a greater rate of de- 
gradation of both compounds at 20°C 
as compared to 5°C. Although it was 
not indicated, the ‘‘half life’’* of 
TSPP in sewage at 20°C appeared to 
be in the order of 15 hr. 

The degradation of STP and TSPP 
was studied by Smith, Cohen, and 
Walton (9), using natural waters. 
They found that Ohio River water, to 
which STP was added equivalent to 
20 mg/l of phosphate, gave half life 
values of 240, 60, and 20 days at stor- 
age temperatures of 5°, 20°, and 35°C, 
respectively. In a similar experiment 
using TSPP, the half life results were 
220, 120, and 45 days. Although these 
data indicate that in general STP had 
a greater rate of degradation than 
TSPP, it should be noted that the two 
experiments were conducted using two 
different Ohio River water samples 
and, as a result, differed in chemical 
and physical characteristics. In a 
third experiment, using TSPP and a 
‘local stream water’’ which was a 
harder water, the half life at 5°, 20°, 
*The time necessary for 50 per cent of 
the condensed phosphate to be degraded to 
orthophosphate. 
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and 35°C was found to be 310, 180, 
and 75 days, respectively. 
Using various species of the plant 


kingdom, Karl-Kroupa et al. (8) 
studied the degradation of STP under 
aseptic conditions. The medium used 
in this study was sterile distilled wa- 
ter to which STP was added in an 
amount equivalent to 5.5 mg/l phos- 
phorus or 12.6 mg/l P2O5. The organ- 
isms studied were pretreated before 
inoculation into the test solution, so as 
to be pure cultures. With the excep- 
tion of Escherichia coli, all of the or- 
ganisms were in a resting condition. 
All of the systems showed a lag pe- 
riod induction time before active 
degradation of the STP occurred. 
The half life of STP in the various 
systems containing different organisms 
varied from 19 hours for Allomyces 
to 123 hours for Elodea. The control, 
which consisted of sterile distilled wa- 
ter plus STP, showed no change in 
300 hours (12.5 days). According to 
the authors, these results indicated 
that the accelerated rate of degrada- 
tion of STP in the systems containing 
the test plants was due to an enzy- 
matic catalysis. 


or 


Experimental Methods 
General 


The survey of Illinois surface wa- 
ters consisted of three phases : 


1. Sampling of lakes and reservoirs, 
believed to be relatively free of do- 
mestic pollution. 

2. Sampling of stream 
the major Illinois river 
pected to contain significant amounts 
of treated and untreated wastes. 

3. Continued sampling at seven 
stream in the Kaskaskia 


in 
sus- 


sources 


basins, 


locations 
River basin. 

The over-all survey continued from 
August 1955 to June 1957. Figure 1 


indicates the lake, reservoir, and stream 

sampling locations in Illinois. 
Samples were collected from eight 

lake and reservoir locations in Illinois 
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FIGURE 1.—Lake, reservoir, stream, and 
sewage treatment plant effluent sampling 
locations in Illinois. 


in order to determine background 
phosphate levels in waters free of sig- 
nificant domestic pollution. 

Selection of locations for the gen- 
eral survey of Illinois streams was 
based on information pertaining to 
the location of water and sewage treat- 
ment facilities in Illinois. River basins 
included in this survey were the Em- 
barrass, Illinois, Kankakee, Kaskaskia, 
Little Vermilion, Little Wabash, Mis- 
sissippi, North Fork of the Vermilion, 
Salt Fork, Sangamon, Vermilion, and 
Wabash. Twenty-seven samples were 
collected during this stream survey. 

Because of the desirability of con- 
tinued sampling of the same surface 
waters in order to establish the pre- 
vailing phosphate levels, it was de- 
cided to make a comprehensive survey 


of one river basin. Such a survey 
would define the phosphate levels 
existing for the particular stream 
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under known conditions of rainfall, 
stream discharge, agricultural drain- 
age, and sewage discharge. The 
Kaskaskia River was chosen for this 
comprehensive survey because of its 
convenient location in relation to the 
laboratory, the existence of United 
States Geological Survey stream gag- 
ing stations at the sampling locations, 
the existence of rain gaging stations 
throughout the watershed, and the 
availability of hydrological and agri- 
cultural data for the watershed area. 

The watershed of the Kaskaskia is 
the second largest in the State of 
Illinois and covers 5,670 sq miles. It 
extends from the center of Champaign 
County in a southwesterly direction 
to the Mississippi River near the city 
of Chester. Figure 1 shows the loca- 
tion of the Kaskaskia River. 


Sampling Program 


Seven stream stations were selected 
for a program of periodic sampling. 
These stations were located at Bond- 
ville, Ficklin, Shelbyville, Vandalia, 
Carlyle, and New Athens. Two sta- 
tions were selected at Ficklin: one 
above and one below the waste effluent 
of a large industrial establishment. A 
total of 125 stream samples were col- 
lected during the Kaskaskia survey. 
The survey covered the period from 
April to December 1956. 

The chief purpose in determining 
the phosphate content in sewage efflu- 
ents during the Kaskaskia survey was 
to establish what portion of stream 
phosphates could be attributed to syn- 
thetic detergents. Also of interest 
were the relative proportions of ortho- 
phosphate and inorganic condensed 
phosphates in sewage effluents, because 
of the concurrent investigation being 
conducted into the degradation of 
condensed phosphate. 

Three sewage treatment effluents 
were sampled periodically during the 
Kaskaskia survey: Southwest Cham- 
paign, Arthur, and Sullivan. Sewage 
flows or water pumpage records were 
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obtained at the time of sampling in 
order to utilize analytical data for 
computation of per capita quantities 
of phosphate in the effluent. A total 
of 42 sewage effluent samples were 
analyzed for phosphate concentration 
during the Kaskaskia survey. In ad- 
dition, effluent samples were collected 
at the Elmhurst treatment plant on 
seven different dates. This is the 
northernmost sampling location shown 
in Figure 1. 


Rainfall, Stream Flow, and Cultiva- 
tion 


Because the concentration of phos- 
phates from synthetic detergents 
found in surface waters depends on 
the volume of diluting stream flow 
available at a particular time, it was 
desirable to know the hydrologic con- 
ditions prevailing during periods of 
sampling. Since it was expected that 
phosphate materials would be con- 
tributed from agricultural drainage, 
it was also important to study the oc- 
eurrence of peak rainfalls and peak 
stream discharges in relation to stream 
phosphate concentrations. Daily rain- 
fall data at several gaging stations 
throughout the State of Illinois were 
obtained from the Weather Bureau, 
U.S. Department of Commerce. Three 
gages in proximity to sampling sta- 
tions were selected at Urbana, Tuscola, 
and Windsor. These gage locations 
were chosen to correlate with phos- 
phate concentrations at Bondville, 
Ficklin, and Shelbyville, respectively. 
In general, the years 1955 and 1956 
were dry years in relation to the long 
term average for the State of Illinois. 
Rainfall during 1955 was 6 per cent, 
and that for 1956 was approximately 
23 per cent below normal. 

Daily average discharge records at 
each of the Kaskaskia River sampling 
points were provided by the United 
States Geological Survey. Data were 
available for the entire sampling pe- 
riod, and also for the period of record. 
A comparison of monthly stream dis- 
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charge during 1956 with the long-term 
average monthly discharge for Shelby- 
ville presented in Figure 2. A 
study of the complete period of record 
at Shelbyville indicated that the aver- 
The aver- 
age discharge for the 1955-56 water 
year was 467 cfs. 

Data on the extent of land cultiva- 
tion in the Kaskaskia River basin was 
obtained from the Illinois Assessor’s 


is 


age discharge was 880 cfs. 
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census and the Preliminary Census of 
Agriculture, U. S. Department of 
Commerce. Populations tributary to 
each Kaskaskia sampling station were 
determined. Table I lists data from 
the Kaskaskia River Survey. 


Sample Handling 


In the water and sewage surveys, 
the samples collected for the deter- 
mination of phosphate concentration 
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FIGURE 2.—Relation of long-term average monthly discharge to 1956 
average monthly discharge at Shelbyville. 
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TABLE I.—Descriptive Data and Average Analytical Results, Kaskaskia River Survey 
April to December 1956 


Total 
Tributary Drainage 


Population 


rea 
(sq miles) 


Per Cent 
Cultivation 


Mean P20Os (mg/l) 


No. of 
Samples Ortho- 
phosphate 

+ MIC 


Ortho- 


phosphate MIC 


Bondville 
Ficklin A 
Ficklin B 
Shelbyville 
Vandalia 
Carlyle 
New Athens 


12.3 
125 
127 

1,030 
1,980 
2,680 


Mean 


were placed in polyethylene bottles 
and were iced during transit from the 
sampling point to the laboratory. 
The sample temperature was recorded 
at the time of collection, and dissolved 
oxygen samples were fixed to allow the 
titrations to be performed at the lab- 
oratory. Phosphate, hardness, alkalin- 
ity, turbidity, dissolved oxygen, and 
pH were determined for each sample. 
To study the degradation of con- 
densed phosphates, various lake, reser- 
voir, and stream waters were collected 
and transported to the laboratory for 
storage. Following the analysis of the 
water sample for its physical and 
chemical composition, the sample was 
pretreated in accordance with the par- 
ticular conditions of the experiment. 
Where the effect of plankton and soil 
particles was to be studied, one-half 
of the collected sample was finally 
filtered through membrane filters or 
filter paper (Whatman No. 1). Al- 
though aseptic membrane filtration 
was tried, it was found that bacterio- 
logical contamination occurred during 
either the pretreatment processing or 
the subsequent opening of the storage 
bottles for the purpose of sampling. 
When filtration was employed, both 
the filtered and non-filtered water was 
divided into three portions. The six 
portions were placed in sterile 4-1 
serum bottles and brought to 29°C. A 
ealeulated amount of a sterile solution 


27 0.113 
24 0.288 
25 0.144 
25 0.392 
10 0.136 

7 0.126 

7 0.200 


0.163 
0.399 
0.543 
0.677 
0.343 
0.243 
0.430 


0.050 
0.111 
0.399 
0.285 
0.207 
0.117 
0.230 
_ 0.200 


0.400 0.200 


of condensed phosphate was then 
added to each portion and the con- 
centration immediately determined. 

In this study, the condensed phos- 
phates used included: reagent grade 
tetrasodium pyrophosphate (TSPP) ; 
and sodium tripolyphosphate (STP). 
The STP (hexahydrate) was purified 
from a commercial grade by recrystal- 
lization, after Quimby (10). 

Each portion, containing the known 
amount of either STP or TSPP, was 
stored in a constant-temperature room 
maintained at 29°C under conditions 
of quiescence, semi-quiescence, or tur- 
bulence. Turbulent conditions were 
produced by constant agitation using 
a mechanical shaker. Degradation of 
the condensed phosphate was followed 
by frequent analysis of the orthophos- 
phate and ortho-plus-condensed phos- 
phate content in each sample during 
the storage period. 

All of the results on degradation 
have been expressed in terms of half 
life. The half life, in each storage 
study, was determined by plotting the 
per cent condensed phosphate remain- 
ing against storage time. 


Analytical Methods 


Analyses of orthophosphate P.O; 
and hydrolyzable P20; in surface wa- 
ters and sewage effluents were made by 
running a colorimetric determination 
on the sample before and after acid 
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TABLE II.—Phosphate Concentrations, 
Kaskaskia River, June 3, 1957 


| Ortho- 
Ortho- | phosphate 
| phosphate Pius MIC* 
| P20s 
(mg/l) 


Total 
P20s 


(mg/l) 


Source 
(mg/1) 
Bondville 
Above Ficklin 
Below Ficklin 
Shelbyville 


0.05 
0.14 
0.14 
0.18 


0.06 
0.16 
0.23 
0.24 


0.09 
0.19 
0.31 
0.28 


*MIC is defined as Maximum Inorganic 
Condensed. 


hydrolysis. A modified extraction 
and hydrolysis procedure based on the 
technique originally published by Mar- 
tin and Doty (11) was used. In the 
procedure, phosphomolybdate ex- 
tracted with a benzene-isobutyl alco- 
hol mixture and reduced with stannous 
chloride to give a blue color which is 
measured colorimetrically. 

Orthophosphate P.O; is obtained by 
running the colorimetric determina- 
tion directly on the sample. Hydro- 
lyzable P.O; is obtained by boiling an 
acidified solution of the sample, run- 
ning the colorimetric determination, 
and subtracting the previously deter- 
mined orthophosphate value. 

Committee research by the Associa- 
tion of American Soap and Glycerine 
Producers (12) has established that 
the acid hydrolysis step picks up a 
portion of the organic phosphates in 
surface waters. This is brought about 
by the hydrolysis of P-O-P bonds in 
organic compounds. Thus, the de- 
termination of inorganie condensed 
phosphate in surface water and sewage 
samples by the method used through- 
out these studies yields results which 
are equal to or greater than the true 
value, depending on the amount and 
nature of organic condensed phos- 
phates present. In the results and 
discussion, hydrolyzable condensed 
P.O; is referred to as maximum in- 
organic condensed PsO; (MIC). 

The organic phosphate can be deter- 
mined by wet-ashing, followed by the 
colorimetric determination. Wet-ashing 
effectively accounts for total P20s,, 
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which includes all P2O; in organic 
compounds (12). 

All other analytical determinations 
were carried out in accordance with 
‘‘Standard Methods’’ procedures (13). 


Results 


Organic Phosphates in Stream 

Samples 

Samples were collected at four lo- 
cations on the Kaskaskia River on 
June 3, 1957. In addition to the usual 
analyses for orthophosphate P.O; and 
orthophosphate plus maximum inor- 
ganie condensed P20; (orthophosphate 
plus MIC), the total P.O; of each 
sample was determined by wet-ashing. 
The results are shown in Table II. 
The data indicate the presence of or- 
ganic phosphate in all samples. 


Survey of Lakes and Reservoirs 


Results for nine samples collected 
at eight lake and reservoir sources ap- 
pear in Table III. The mean value 
of orthophosphate plus MIC P.O; was 
0.081 mg/l P.O;. The mean ortho- 
phosphate was 0.036 mg/l P2O;. The 
average MIC P.O; was 55 per cent. 


General Survey of Illinois Streams 
The analytical results for 27 sam- 
collected during the general 
stream survey are presented in Table 
IV. The average phosphate content 


ples 


TABLE III.—Phosphate Content of Samples 
from Lake and Reservoir Sources in Illinois 


Phosphate as P2Os (mg/l) 

Orthophosphate 
Plus } 


| Orthophosphate 
Bloomington 
Danville 
Danville 
Decatur 
Kincaid 
Mattoon 
Paris 
Salem 
Springfield 


0.026 
0.066 
0.000 


Mean 


0.036 


hak 
| 
a 

ely 

be 

= 
= - 

0.226 
0.195 
0.113 
| 22 
0.036 
| 0,000 
| 0.000 
| 0.044 
0.115 
0.000 
0.081 
= 
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TABLE IV.—Analytical Results for General 
Survey of Illinois Streams 


P20s (mg/1) 


Source Ortho- 
phosphate 
Plus MIC 


Ortho- 
phosphate 


Embarrass River: 
Oakland 
Charleston 
Newton 


0.013 
0.033 
0.076 


0.025 
0.076 
0.109 


Illinois River: 


Grafton 0.541 1.551 

Kankakee River: 
Kankakee 0.073 0.058 

Kaskaskia River: 
Vandalia 
Carlyle 
Mascoutah (SC) 
Freeburg (SC) 
New Athens 
Evansville 


0.334 
0.371 
0.584 
2.899 
0.380 
0.467 


0.706 
0.708 
1.560 
3.402 
0.788 
0.786 


Little Vermilion River: 
Georgetown 0.101 0.082 
Little Wabash River: 
Flora 
Clay City 
Fairfield 


0.061 
0.058 
0.077 


0.113 
0.113 
0.148 


Mississippi River: 
Dallas 
Nauvoo 
Hamilton 
Warsaw 
Quincy 
Alton 
). St. Louis 
). St. Louis 
‘hester 


0.101 
0.65 

0.157 
0.227 
0.310 
0.621 
0.321 
0.587 
0.564 


0.338 
0.531 
0.400 
0.603 
0.654 
0.726 
0.435 
0.715 
1.352 


E 
( 


Vermilion River: 
Pontiac 
Streator 


0.062 
1.329 


0.073 
1.299 


Wabash River: 


Mt. Carmel 0.095 0.149 


Mean 0.411 0.657 


of these samples is considerably higher 
than for the lake and reservoir sam- 
ples. This was to be expected, as the 
streams sampled were generally be- 
lieved to receive significant amounts of 
domestic sewage. The average ortho- 
phosphate content of all samples was 
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0.411 mg/l P2O;. The average ortho- 
phosphate plus MIC content was 0.657 
mg/l P.O;. The average MIC P.O; 
was 0.246 mg/l, or 38 per cent. The 
highest value of MIC P2Os, 1.01 mg/l, 
was observed at Grafton on the Illinois 
River. The highest value of ortho- 
phosphate plus MIC P.O;, 3.402 mg/I, 
was observed at Freeburg on Silver 
Creek, a tributary to the Kaskaskia 
River. However, the MIC phosphate 
in this sample was only 15 per cent. 


Kaskaskia River Survey 


A total of 125 stream samples were 
collected from the Kaskaskia River at 
seven different sampling stations from 
April to December 1956. The perti- 
nent descriptive data and the average 
results for the seven stations are pre- 
sented in Table I. It is noted that 
the mean value of MIC P.O; is 0.200 
mg/l, and that 50 per cent of the phos- 
phate found is in the MIC form. Con- 
centrations of orthophosphate in stream 


TABLE V.—Summary of Orthophosphate 
Plus MIC Phosphate Concentrations 
for Kaskaskia River Survey, 1956* 


Number of | 
Samples in 
| Range 


Per Cent 
of Total 
Samples 


Cumulative 


P20s Range 
Per Cent 


(mg/l) 


13.6 


* Total of 125 samples. 


oe 
2 0-01 | 17 | 13.6 
01-02 | 2% | 208 34.4 
: | 0203 | 2 | 184 52.8 
: 0.3-0.4 9 | 15.2 68.0 ; 
: 0.4-0.5 ‘ 75.2 
0.5-0.6 | 9.6 84.8 
0.60.7 | | 2.4 87.2 
0.70.38 | 16 88.8 
| 080.9 | | 16 90.4 
: 0.9-1.0 | | 32 93.6 
11-12 | 08 96.8 
1.2-1.3 | 96.8 
1.3-1.4 | | 08 97.6 : 
1.6-1.7 | | 984 
17-18 | 0 | 98.4 
1.8-1.9 | | 0 | 98.4 
1.9-2.0 | 98.4 
2.0-3.0 0.8 99.2 oF 
3.04.0 | 0 | 99.2 
4.0-4.27 | 08 | 100.0 
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TABLE VI.—Mean Values and Ranges of Pounds Per Day of Orthophosphate and MIC P.O, 
at Kaskaskia River Sampling Stations, 1956 


(Ib/day) 


Station Orthophosphate MIC 
Samples 
Low Mean High Low Mean High 
Bondville 27 0.04 0.7 4.2 0.0 0.4 | 3.3 
Above Ficklin 24 0.0 30.0 130.0 | 0.6 14.2 | 84.0 
Below Ficklin | 25 | 0.4 14.0 73.4 5.2 33.2 199.7 
Shelbyville } 25 1 911 12,810 0 1,749 36,030 
Vandalia 10 |} 21 611 », 167 8 1,858 | 17,223 
Carlyle > § 34 486 1.838 | 25 477 | 1,694 
New Athens 7 90 884 2112 | 6&4 1,656 | 5,934 
7 
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FIGURE 4.—Relation of rainfall and stream discharge to phosphates, 
Ficklin. 


samples ranged from 0.01 mg/l to 
1.76 mg/l P.O;. Concentrations of 
orthophosphate plus MIC P.O; ranged 
from 0.03 to 4.27 mg/l. A summary 
of the frequency of occurrence of 
orthophosphate plus MIC P.O; con- 
centrations is presented in Table V. 
Ninety per cent of the samples are 
seen to have contained less than 0.9 
mg/l P.O; of orthophosphate plus 
MIC P2Os. 


Phosphates in Kaskaskia River 


Sach Kaskaskia River sampling sta- 
tion was located near a U.S.G.S. stream 
gaging station. It was thus possible 


to compute the quantity of phosphate 
in the stream, corresponding to the 
observed concentration and the re- 
corded daily stream discharge. The 
mean values and ranges of computed 
pounds per day of P.O; for each 
Kaskaskia River station are presented 
in Table VI. The computed quantities 
of phosphates varied widely. 

A study of records of rainfall and 
stream discharge in relation to date 
of sampling indicated that the quan- 
tity of orthophosphate plus MIC P.O, 
generally increased with peak rain- 
falls and stream discharges. The ob- 
served relationships of rainfall, dis- 
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charge, and weight per day of ortho- 
phosphate plus MIC P.O; for samples 
collected at Bondville, Ficklin, and 
Shelbyville on the Kaskaskia River 
are shown in Figures 3, 4, and 5. 


Sewage Treatment Effluents 


Results of phosphate analyses of 49 
effluent samples collected at 4 sewage 
treatment plants in Illinois are pre- 
sented in Table VII. Mean values 
and ranges of concentrations and per 
capita quantities of orthophosphate 
P.O; and MIC P.O; are shown for 
each effluent. The mean proportion 
of MIC P.O; for each effluent is also 
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shown. Mean concentrations of ortho- 
phosphate plus MIC P2Qs; are seen to 
vary from about 12 to 26 mg/l, with 
extreme values ranging from about 5 
to 40 mg/l. MIC P20; was observed 
to amount to only about 10 per cent 
of orthophosphate plus MIC P20; in 
the sewage treatment plant effluents. 


Land Drainage Phosphate Contribu- 
tions 


Quantities of phosphate at each 
stream sampling station were com- 
puted, using phosphate concentrations 
and average daily discharges. By sub- 
tracting the upstream sewage phos- 
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FIGURE 5.—Relation of rainfall and stream discharge to phosphates, 
Shelbyville. 
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phate quantities from the quantity 
| i | served at a given sampling station, a 
| ! 
| | indirect estimate of land 
| phosphate contribution was 
mined. Calculations of amounts 
7 ie j ve we 
| HE sai made for each sample at eac = 
| i ive ing stations. 
3 | The average proportion 
2 | phosphate plus MIC P.O; and the 
j day of ophos- 
: FE average weight per day of orth oa 
5/8338 | ¢ } PoO; per square 
| | = phate plus MIC P205 per sq 
—| of cultivated drainage for 
| | & tion are presented in lab 
| | The range of values is also 
| The over-all mean orthophosp a 
| MIC P.O; from land drainage was 4: 
| per cent. The over-all mean contri 
i lus MIC P20; 
| tion of orthophosphate p 
| from land drainage was 1. /day /s 
n 
| = mile. 
= a 
Zl | 5 
| Pertinent chemical and 
| Bl | characteristics were determined 
the degradation of condense P 
= || 2 | S| 2aSe 3 phate. It was found that the a 
a | = | 2a8S z hardness of these waters varied from 
| ¢ | 7 050 mg/l, calcium hardness 
=| | | g 170 to 1,05 g/l, ¢ 
| from 55 to 893 mg/l, and the 
alkalinity from 110 to 298 
expressed as CaCO ;; turbidity rang 
fr m 0 to 98 mg/l. The lowest pH 
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eacr | = che: s 8. 
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TABLE VIII.—Estimates of Stream Phosphates Contributed by Land Drainage, 
Kaskaskia River, 1956 


| Orthophosphate Plus MIC P:0s 
from Drainage (per cent) 


Orthophosphate Plus MIC P20s 
from Drainage (lb/day/sq mile) 


Station 

| Low 
Bondville 10.6 
Above Ficklin i9 
Shelbyville 842 2 
Vandalia | 1,505 6 
Carlyle 1,850 | 36 
New Athens 4,020 


Over-all Mean | 


filtered semi-quiescent, and filtered tur- 
bulent samples. Representative data, 
using the Mattoon storage experiment, 
are shown in Figure 6. 

From these data, it is apparent that 
the rate of degradation of STP varied 
in the different surface waters. In 
considering the various chemical and 
physical characteristics of the differ- 
ent raw waters before pretreatment 
and the addition of STP, there ap- 
peared to be no correlation of rate of 
degradation with turbidity, total and 
calcium hardness, or alkalinity. How- 
ever, there was an indication that half 
life decreased with increasing amounts 
of the MIC P.O; originally present in 
the raw water sample. 

Although a change in total hardness 
and/or pH was noted in several of the 
stored samples, no conclusions were 
drawn. 

A significant observation to be made 
concerning the results presented in 
Table IX is the general difference in 
the rate of degradation between the 
filtered and nonfiltered samples. With 
the exception of the storage experi- 
ments made with Danville water, the 
filtered samples consistently degraded 
STP more slowly than the nonfiltered 
In addition to removing sus- 
pended solids, the filtering methods 
employed reduced the bacterial popu- 
lation in the water. This was con- 
firmed by bacterial plate counts made 
before and after filtration and by a 


samples. 


Mean High Low Mean | High 

100 - 0.01 0.10 0.71 
55 92 0.01 0.18 1.89 
43 99.6 0.00 | 3.04 57.80 
23 | 99 0.01 1.56 | 14.77 
54 93 | 0.07 0.40 | 1.78 
33 88 0.00 0.37 1.76 
45 - - 1.40 | — 


comparison of counts made on both 


the filtered and nonfiltered storage 
samples. These observations definitely 


indicated that biological life acceler- 
ated the rate of degradation of STP. 

Table IX also shows that the rate 
of degradation was, in general, less in 
the turbulent samples than in the cor- 
responding quiescent and semi-quies- 
cent samples. In considering all of 
the available data, including the re- 
sults of dissolved oxygen measure- 
ments made during storage, there was 
no readily apparent reason for this 
observation. 

To compare the rate of degradation 
of STP and TSPP, three separate 
studies were made using New Athens 
water. In considering each storage 
run separately, a comparison of the 
corresponding nonfiltered semi-quies- 
cent and nonfiltered turbulent samples 
containing added STP and TSPP, re- 
spectively, indicated that TSPP de- 
graded more slowly than STP in all 
but one case, the nonfiltered turbulent 
samples of Experiment No. 9 (Table 


IX). However, since the half life 
values were all relatively short, es- 
pecially those given in Experiment 


Nos. 7 and 9, caution should be exer- 
cised in evaluating these data. The 
larger magnitude of difference be- 
tween the STP and TSPP samples of 
Experiment No. 8 was probably due to 
the combined effect of different com- 
pounds and concentrations. 
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TABLE IX.—General Storage Studies of Various Illinois Surface Waters 


Experi- Phosphorus | Phosphorus | 

1 Mattoon—Little NFQ STP 9.16 11.0 | Filtered through paper 
Wabash River NFSQ STP 9.16 14.5 | and membrane filter 
(Reservoir) NFT STP 9.16 19.5 

FQ STP 9.16 31.5 
FSQ STP 9.16 37.0 

| FT STP 9.16 | 45.0 

2 Bloomington— NFQ STP 2.2 6.0 | Filtered through cotton 
Money Creek NFSQ STP 2.2 7.0 | and paper 
(Reservoir) NFT STP 2.2 8.0 

FQ STP 2.2 27.0 
FSQ STP 2.2 17.0 

J FT STP 2.2 34.0 

3 Kincaid—Tributary NFQ STP 2.2 13.5 | Filtered through cotton 
of Sangamon River NFSQ STP 2.2 13.9 | and paper 
(Reservoir) NFT STP 2.2 15.0 

FQ STP 2.2 24.6 
FSQ STP 2.2 25.0 

| FT STP 22 | 26.0 

4 Springfield— NFQ STP 2.2 28.5 | Filtered through 
Sugar Creek NFSQ STP 2.2 26.0 | cotton, paper, and 
(Reservoir) NFT STP 22 29.9 membrane filter 

FQ STP 2.2 33.5 
FSQ STP 2.2 72.0 

J FT STP 2.2 36.0 

5 Danville—N. Fork NFQ STP 2.2 4.2 | Filtered through 
Vermilion River NFSQ STP 2.2 14.0 | cotton, paper, and 
(Reservoir) NFT STP 2.2 17.0 membrane filter 

FQ STP 2.2 1.0 
FSQ STP 2.2 1.9 
J FT STP 2.2 13.3 
6 Danville NFQ STP 2.2 6.5 | Filtered through paper 
| NFSQ STP 2.2 7.3 | and membrane filter 
| NFT STP 2.2 10.0 
FQ STP 2.2 8.0 
FSQ STP 2.2 14.0 

J FT STP 2.2 3.0 

7 New Athens— NFSQ STP 2.2 2.4 — 
Kaskaskia River NFT STP 22 3.0 

NFSQ TSPP 2.2 2.5 
+ | NFT TSPP 2.2 3.6 
8 | New Athens NFSQ | STP 2.2 2.2 — 
| NFT STP 2.2 2.1 
NFSQ TSPP 5.5 7.5 
| NFT TSPP 5.5 5.4 
9 | New Athens NFSQ STP 2.2 0.4 — 
| NFT STP 2.2 0.6 
| NFSQ | TSPP 2.2 1.0 
| NFT TSPP 2.2 0.5 


* NFQ = Nonfiltered quiescent, NFSQ = Nonfiltered semi-quiescent, NFT = Nonfiltered 
turbulent, FQ = Filtered quiescent, FSQ = Filtered semi-quiescent, and FT = Filtered tur- 


bulent. 
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Phosphate Remaining, 


c 
Cc 
° 
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24 


Time, days 
FIGURE 6.—Degradation of 9.16 mg/l (P.0;) STP in Mattoon water. 


Degradation Studies—Kaskaskia 
River 
Table X 


more 


gives the results of the 
extensive storage studies made 
using waters collected at various loca- 
tions along the Kaskaskia River. The 
mile points for the various sampling 
locations, with reference to Bondville, 
are shown in Table I. In these 
studies, STP was added to all of the 
samples in order to give a concentra- 


tion of 3.0 mg/l P2Os5, and all samples 
were stored under nonfiltered, turbu- 
lent conditions. From these results 
(Table X), it is quite evident that 
there is wide variation in half values 
for the waters collected at different 
locations on any given date. It is also 
quite apparent that the rate of de- 
gradation of STP varies in samples 
collected at the same location but at 
different times. 
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TABLE X.—Half Life Values for the Kaskaskia River Storage Studies Using STP 
at a Concentration of 3.0 mg/l P.O; Under Nonfiltered Turbulent Condition 


Half Life 
Experiment Collection (days) 
(1956) 
Bondville | Ficklin A Ficklin B | Shelbyville | Vandalia Carlyle | New Athens 
ll 10/8 11.0 7.4 — 
12 10/15 — 8.0 3.1 
13 10/29 10.0 14.0 0.4 9.0 5.5 8.0 8.0 
14 11/12 27.5 18.5 0.8 8.5 9.5 _ — 
15 12/3 32.0 26.0 1.0 24.0 6.0 — — 


In initiating several of these studies, 
bacterial plate coumts were made on 
the raw waters before the addition of 
STP. The results showed that the 
Ficklin B sample generally gave the 
highest total bacterial count. This 
probably accounted for the consist- 
ently greater rate of degradation in 
this sample when compared to the 
other samples collected at any one 
time. 


Degradation Studies—Half Life and 
COD 


Because of organic pollution above 
the Ficklin B station, Chemical Oxy- 
gen Demand measurement was made 
on the raw water samples used in Ex- 
periment No. 13. These results are 
given in Table XI. Except for the 
Shelbyville sample, there is an indi- 
cated correlation between half life and 
COD. 


Degradation Studies—Further Tests 


Another series of experiments was 
carried out using Kaskaskia River wa- 
ter collected at Ficklin A. In one ex- 
periment, a single sample of water 
was divided into six portions. Before 
being stored under nonfiltered turbu- 
lent conditions, 3.0 mg/l P20; of STP 
was added to each portion. The mean 
half life was found to be 29 days with 
a standard deviation of 21 per cent. 
A similar experiment was made with 
TSPP, but used a different sample of 
water. An analysis of the results gave 
a mean half life of 14 days and a 


standard deviation of 8 per cent. Al- 
though these two experiments indi- 
cated that STP degraded more slowly 
than TSPP in water from the same lo- 
cation, the two studies cannot be di- 
rectly compared because the waters 
were collected at different times. 

A comparison of the rate of degra- 
dation of 3.0 mg/l P20; of STP and 
TSPP in individual portions of a 
Ficklin A water sample, under non- 
filtered turbulent conditions, is shown 
in Figure 7. Six separate portions of 
the same sample of water, three con- 
taining STP and three containing 
TSPP, were stored. The mean half 
life value for the three STP storage 
samples was 25 days while that of the 
TSPP samples was 38 days. There- 
fore, these values and the data pre- 
sented in Figure 7 show that TSPP 
has greater stability, or a slower rate 
of degradation, than STP. These re- 
sults agree with the observations made 
using New Athens waters and reported 


TABLE *XI.—Half Life and COD Values 
for Kaskaskia River Samples Collected 
October 29, 1956 (Table X, 

Exper. No. 13) 


Half Life | coD 


Location | (days) (mg/l) 
Ficklin B gee 
Shelbyville 9.0 55.8 
Vandalia 5.5 31.9 
New Athens 8.0 31.9 
Carlyle 8.0 23.9 
Bondville 10.0 23.9 


Ficklin A 14.0 12.0 
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per cent 


Phosphate Remaining, 


Condensed 


24 


Time, doys 


FIGURE 7.—Degradation of three portions each of STP and TSPP in 
the same Ficklin A water sample—3 mg/1 (P:O;). 


in Table [X. Thus, it ean be con- 
cluded that, when the same natural 
water sample, considering both the 
source and time of collection, is used 
for storage, STP degrades at a greater 
rate than TSPP. 


Discussion 
Condensed P,0; 


The data of Table II indicate the 
presence of organic P.O; in streams. 
Since the acid hydrolysis step in the 
P.O; determination is known to pick 
up a portion of condensed organic 
phosphate, it is reasonable to conclude 
that the condensed P.O; determined 
by this method is likely to be greater 
than the true value of condensed in- 
organic P.O;. Thus, the results re- 
ported as condensed P.O; are inter- 
preted as being equal to or greater 
than the true condensed inorganic 
P.O;, and have been referred to as 


maximum 


(MIC). 


P.O; 


inorganic condensed 


P.O; in Surface Waters and Sewage 


Results of the surveys of Illinois 
surface water supply sources in gen- 
eral indicate rather low levels of PsO;. 
Lake and reservoir sources, as ex- 
pected, showed than 0.1 mg/l 
orthophosphate plus MIC P.O;, on 
the average. Stream sources which 
received treated and untreated wastes 
averaged less than 1.0 mg/l P2O;. The 
highest values were generally observed 
in rivers such as the Mississippi and 
Illinois, which received wastes from 
large upstream populations. Results 
of an intensive survey of the Kaskaskia 
River, involving 125 samples, showed 
an average orthophosphate plus MIC 
P.O; content of 0.4 mg/l. As indi- 
cated in Table V, 90 per cent of all 
samples contained less than 0.9 mg/l 
P.O;. For the Kaskaskia River at 


less 
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New Athens, where the tributary pop- 
ulation upstream was 90,000, the aver- 
age MIC P.O; was 0.230 mg/l. It is 
interesting to note that the average 
per cent MIC P.O; in all Kaskaskia 
stream samples was 50 per cent of the 
orthophosphate plus MIC P20; while 
that for three sewage treatment plant 
effluents in the Kaskaskia basin was 10 
per cent. <A possible explanation of 
this difference in the relative propor- 
tions of MIC P.O; in sewage and 
stream samples is provided by evi- 
dence that appreciable quantities of 
stream P.O; are of land drainage 
origin. The extreme variability in the 
quantities of stream P.O; presented in 
Table VI suggests a phosphate source 
other than waste effluents. This ob- 
servation is confirmed by the data in 
Figures 3, 4, and 5, showing marked 
increases in pounds of P,O;, corre- 
sponding to peaks of rainfall and 
stream discharge. The stream sam- 
pling results for Bondville, which re- 
ceives no significant domestic wastes, 
showed an average orthophosphate 
plus MIC P.O; content of 0.163 mg/l, 
of which 30 per cent was found to be 
in the MIC form. Silvey (4) de- 
scribed a process whereby organic 
plant phosphates from fertilizers could 
be washed to streams, and these re- 
sults tend to agree with his discussion. 
Sewage effluent results indicate that 
approximately 90 per cent of the P2O; 
present in effluents is already in the 
orthophosphate form. Mean per capita 
values of effluent orthophosphate plus 
MIC P.O; in Table VII ranged from 
11 x 10°° to 26 x 10° lb/day. Esti- 
mates of average synthetic detergent 
consumption in the U. S. during 1955 
indicated that approximately 12 x 10°° 
Ib/day/eap P20; would be expected 
in raw sewage because of synthetic 
detergent contributions. Rudolfs (1) 
reported removals of P.O; in sewage 
treatment of from 50 to 80 per cent. 
Estimates of Kaskaskia basin land 
drainage P.O; based on sewage efflu- 
ent and stream data indicated ap- 
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preciable fluctuation. However, the 
over-all mean value of orthophosphate 
plus MIC P.O, from land drainage 
was 1.40 lb/day/sq mile. This is in 
agreement with the results of Sawyer 
(3). Sawyer reported 255 pounds of 
phosphorus per year per square mile 
for the Madison, Wisconsin, area, 
which in terms of P20O;, amounts to 
1.6 lb/day/sq mile. 

An over-all consideration of the 
1955-56 data presented in this study 
leads to the general conclusion that 
concentrations of MIC P.O, in Illinois 
surface waters were generally less 
than 0.5 mg/l, and those of ortho- 
phosphate plus MIC PO; were gen- 
erally less than 1.0 mg/l. Approxi- 
mately 45 per cent of stream 
orthophosphate plus MIC P20Os;, on 
the average, was attributed to land 
drainage. MIC P.O; in sewage treat- 
ment plant effluent amounted to only 
10 per cent, or roughly 1 x 10° to 
2 x 10°* lb P2O;/day/cap. 

In relating the results of this study 
of the P.O; content of Illinois surface 
waters and sewage effluents during 
1955-56 to possible results for other 
areas, certain factors are to be borne 
in mind: (a) Illinois is in a hard water 
region, and, therefore, consumption of 
synthetic detergents would be expected 
to be higher than in many other areas; 
(b) rainfall and stream runoff in II- 
linois during 1955-56 were generally 
low in relation to the long-term av- 
erage and, therefore, the available 
stream flow dilution for synthetic de- 
tergent phosphates was low in relation 
to what might be expected as an aver- 
age; and (c) a considerable portion 
of the P.O; found in Illinois streams is 
undoubtedly of land drainage origin. 
Topography, agricultural practices, 
and rainfall distribution will vary in 
different areas, thus affecting the con- 
centrations of stream 


Degradation 


Because of the inherent peptizing 
and dispersing properties of condensed 
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phosphates, it is logical to suspect that 
these compounds could interfere with 
coagulation and sedimentation proc- 
esses in the treatment of water sup- 
Knowing that these condensed 
phosphates could pass through sewage 
treatment plants into receiving 
streams, their persistence or degrada- 
tion in natural waters becomes im- 
portant. This might be particularly 
important where a community uses a 
raw water supply which upstream re- 
ceives an effluent from a sewage treat- 
ment plant. Therefore, the objective 
of this phase of the investigation was 
to determine whether condensed phos- 
phates degradation in 
natural water to form orthophosphate 
and, if they did, to study the condi- 
tions which affect this degradation. 

It has definitely established 
that degradation of condensed phos- 
phates, as represented by STP and 
TSPP, does occur in natural waters. 
This has been shown in this study, 
as well as the studies by Smith, Cohen, 
and Walton (9). 

Where experimental conditions were 
essentially the same, it was apparent 
that natural waters, collected at dif- 
ferent locations, degraded the con- 
densed phosphates, STP and TSPP, 
at different rates. Although the 
chemical and physical composition of 
the natural waters differed, there was 
no distinct correlation between rate of 
degradation and these char- 

Considering the inorganic 
characteristics determined, 
the only possible exception was with 
the phosphate concentration 
originally present. Natural raw wa- 
ters which had a significant amount of 
MIC phosphate present generally gave 
the shortest half life when condensed 
phosphate was added. Furthermore, 
indication that half life 
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chemical 


there was an 


decreased as the MIC phosphate con- 
centration present in the natural raw 
water increased. 

Except for the studies made with 
Danville water, it was quite apparent 
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that filtration decreased the rate of 
degradation. It was found that all of 
the filtration methods employed re- 
duced the concentration of suspended 
solids, including the various forms of 
biological life, originally present in the 
natural waters. Furthermore, it has 
been shown that the membrane filter 
technique effectively removes all or- 
ganisms, producing a sterile filtrate. 

A series of studies, using waters col- 
lected at various sampling stations 
along the Kaskaskia River, showed 
that the rate of degradation of STP 
varied in the different samples even 
though they were all obtained on the 
same date. It was also found that the 
stability of STP differed in waters col- 
lected at the same station, but at dif- 
ferent times. The greatest rate of de- 
eradation of STP was observed in the 
Ficklin B sample regardless of time 
of collection. Through the use of bac- 
terial plate counts, it was found that 
the raw water from this sampling sta- 
tion consistently gave the highest 
count. 

Considering this same series of stud- 
ies, COD measurements were made on 
all the raw water samples collected at 
the different stations on one particu- 
lar day. Of the eight samples col- 
lected and stored, there was only one 
exception to the observation that the 
rate of degradation of STP decreased 
as the amount of COD in the raw 
water decreased. Thus, there was an 
indieated correlation between organic 
matter in the raw water and half life. 
Furthermore, the greatest amount of 
COD was found in the Ficklin B sam- 
ple. This fact could well be related 
to the greater amount of biological 
life observed in this souree of water, 
which in turn might account for the 
accelerated rate of degradation of 

In summary, it appeared that bio- 
logical life, through enzymatic activ- 
ity, definitely influences the degrada- 
of condensed phosphate and the 
rate at which it oceurs. This observa- 
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tion is in agreement with the conclu- 
sions reported by Karl-Kroupa et al. 
(8). 

It was found that STP degraded at 
a more rapid rate than TSPP when 
the same sample of natural water was 
used. If two water samples from the 
same source, but collected at different 
times, were used to determine the rate 
of degradation, it was possible to ob- 
serve that TSPP degraded faster in 
one sample than did STP in the other. 
This indicated that the chemical, 
physical, and/or biological properties 
of natural water can influence de- 
gradation of condensed phosphate. 
Since these properties are subject to 
change in natural waters, only when 
the same sample is used can the rate 
of STP and TSPP be compared. 
Smith et al. (9) also found that STP 
generally degraded faster than TSPP. 
However, this observation was made 
on separate samples of Ohio River 
water and, therefore, cannot be com- 
pared directly. Working with do- 
mestic sewage, Sawyer (2) found that 
STP degraded much more slowly than 
TSPP. This was in contrast to the 
findings in this study. 


Summary 


The results of these studies on the 
occurrence and degradation of con- 
densed phosphate in surface waters 
indicated the following: 


1. Maximum inorganie condensed 
(MIC) P.O; in Illinois surface water 
supplies was generally less than 0.5 
mg/l, and orthophosphate plus MIC 
P.O; was generally less than 1.0 mg/I. 

2. The Kaskaskia River, having a 
total drainage area of 5,670 sq miles 
and a tributary sewered population of 
90,000, showed a mean MIC P.O; of 
0.20 mg/l. MIC P.O; was found to 
be less than 0.50 mg/l in 90 per cent 
of the samples collected. 

3. Per capita values of MIC P.O; 
in four sewage treatment plant efflu- 
ents averaged from 1x10" to 2 x 
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lb/day. MIC P20; amounted to 
10 per cent of the orthophosphate plus 
MIC P.O; in treated sewage effluents. 
Average values of orthophosphate 
plus MIC P.O; in treated effluents 
were from 11 X to 26 x Ib/ 
day /cap. 

4. Approximately 45 per cent, on 
the average, of the orthophosphate 
plus MIC P.O; found in Kaskaskia 
River stream samples was of land 
drainage origin. The over-all mean 
land drainage orthophosphate plus 
MIC P.O; was found to amount to 
1.40 lb/day/sq mile of cultivated 
drainage. 

5. Condensed phosphates, as repre- 
sented by STP and TSPP, were sub- 
ject to hydrolytic degradation in natu- 
ral waters. The rate of degradation 
varied in different natural waters, hav- 
ing different chemical and physical 
characteristics. With the possible ex- 
ception of the concentration of organic 
matter and MIC phosphate in the 
natural raw water, both of which ap- 
peared to increase the rate of degrada- 
tion, there seemed to be no correlation 
between rate and these characteristics. 

6. Natural waters, collected at the 
same time but at different locations 
along a single river, gave different 
rates of degradation. Similarly, the 
rate of degradation varied in natural 
waters, collected at different times but 
at the same location. 

7. Filtration of the raw water defi- 
nitely decreased the rate of degrada- 
tion. This result, supported by bac- 
teriological data, indicated that bio 
logical life exerted an effect on the 
rate of degradation. 

8. Of the condensed phosphates 
studied, STP degraded more rapidly 
than TSPP when the same natural 
water was used for study. However. 
if the degradation of STP and TSPP 
was studied separately, using either 
different natural waters or different 
samples of the same water, TSPP could 
be observed to degrade faster than 
Str. 
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“THE WORST PUBLIC-WORKS PROBLEM” AVAILABLE 


Through the courtesy of the Water and Sewage Works Manufac- 
turers Association, the Federation has for distribution a number of re- 
prints of an article from the December 1958 issue of FORTUNE 
entitled, ‘‘The Worst Public-Works Problem,’’ by Edward T. Thompson. 

In this interesting article the author gives the reasons why he be- 
lieves that the lack of water and wastewater facilities constitutes the 
greatest single deficiency in United States public works, and what he 
feels the future prospects are for solution of the problem. 

Anyone interested in a copy of this five-page reprint may receive 
it on request from the Federation office as long as the supply lasts. 
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THE OPERATOR’S CORNER 


JOB CLASSIFICATIONS AND SALARY SCALES FOR 
WATER AND SEWAGE TREATMENT PLANT 
OPERATORS * 


By L. J. TURVAVILLE 
Industrial Sales Engineer, Tampa Electric Company, Tampa, Fla. 


When the Operator Salary Study 
Committee of the Florida Water and 
Sewage Works Operators Association 
learned that jobs were being studied 
at selected sewage treatment plants in 
Florida it requested that the study be 
expanded to determine the relative 
value of jobs in both water and sewage 
treatment plants, and to establish 
minimum and maximum salaries for 
these jobs. As a result, a job evalua- 
tion study was conducted at nine sew- 
age and three water treatment plants 
of various types and sizes. 

Job evaluation is the systematic 
ranking or grading of jobs to deter- 
mine their labor worth. In this study 
the point-rating method of evaluation 
was used. The procedure for this 
method is given below. 


Point-Rating Method 
Job Characteristics 


Fundamentally, the point-rating 
method permits the comparison of the 
characteristics of a particular job with 
a set of standards or definitions. 


* Presented at the 9th Joint Conference, 
Florida Section, American Water Works 
Assn. and Florida Sewage and Industrial 
Wastes Assn.; Oct. 19-22, 1958; Miami 
Beach, Fla. 


Points are awarded in proportion to 
the degree to which these character- 
istics are present in the job being 
evaluated. 

As a first step, all jobs to be evalu- 
ated must be studied to determine the 
characteristics and factors to be used 
in measuring job worth. The char- 
acteristics and factors used in the 
Florida study are shown in Table I. 

As a second step, the maximum and 
minimum degree of presence of each 
factor is set so that all jobs to be 
evaluated will fall within the degrees 
selected. Next, a point value is as- 
signed to each degree to establish the 
‘‘basis of rating.’’ The basis of rating 


TABLE I.—Characteristics and 
Factors Considered 


Characteristics | 


Skill | Education, experience, 


ability 


Physical demand, mental 
or visual demand 


Effort 


Responsibility | Equipment, material, 
safety of others, work 


of others 


Job conditions Working conditions, 


hazards 
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Point- . | Point- 
Factor Degree Rating Factor Degree Rating 
Education Four years’ college. 140 Mental or Continuous mental or visual 
Working knowledge of algebra visua attention on repetitive work , 
and _— trigonometry Write demand requiring constant alertness. 30 
technical reports. Equivalent Continued | Frequent mental or visual at- | 
of 2 years’ college or graduate tention, intermittent work 
of technical institute. 120 flow Machine needs little ” 
Advanced shop arithmetic. attention. 
n | Little mental and only inter- 
Make or read fairly compli- 
mittent visual attention. Op- 
eated drawings. Assist on 
ature eration practically automatic 
technical reports. Equiva- 
lent of high school graduate. 112 requiring attenuon only alte 
} long intervals. 10 
Write simple reports. Make or . 
re od simple re 4g nen Equipment or | Possible loss by employee very 
material high (to $2,000). | 50 
formulas. Equivalent of 2 1: 
Possible loss by employee high 
years’ high school 84 . I 
© $500). 
tead and write gy | a Possible loss by employee limited 
simple arithmetic quivalen to $250) 30 
‘ ide school graduate 56 Possible loss by employee low 
Minimum ability to read and (to $100). 20 
write Add and = subtract Possibility of loss or damage 
si le numbers 28 | slight ($10.00 or less). 10 
No education required. 0 “ 
Safety of Heavy responsibility for health 
ex Ice 4 years or more 220 others and safety of many others. 50 
2 to 4 vears 176 Heavy responsibility for health 
1 to 2 years 132 Pe safety of few others. _ 40 
‘ < arelessness may cause injury 
3 months to 1 year. 88 > another. 30 
1 week to 3 months. 44 | Not much chance for injury to 
Less than 1 week. 22 another. | 20 
| | Practically no chance for injury | 
Ability juires outstanding ability to | to another. 10 
successful results on | 
ex jobs } 140 Work of Acts as group leader of 8 to 15 | 
Requires superior ability to others employees in addition to own | = 
achieve suecessful results on | duties. . 50 
jobs which are somewhat com- Acts as group leader of 6 to 10 
plex } 112 nployees in addition to own 
| 40 


Requires ability to plan and per- | 
form a sequence of operations 
where recognized operation 


methods are available. 84 


duties. 
Responsible for follow-up, as- 


signment, checking work of 3 | 


to 6 employees. 


| Responsible for instructing new 


30 


teq lires ability to work from | or inexperienced employees in | 
detailed instructions and the | ie own work or other functions as 
making of minor decisions | 56 |} may be specified. May also 
Req s little or no ability be- | * uired to check work of | 
ca loyee is expected to | 1 or 2 others. 20 
follo nple instructions 28 No responsibility except to pass | 
on to others information gained 
Continuous, heavy physical through experience on the job. | 10 
effort or intermittent with - - 
severe strain. 100 Working Very dirty, hot, or uncomfort- | 
Ce derable physical effort ‘or conditions able. } 100 
ontinuous strain of difficult | Quite dirty, hot, or uncomfort- 
work position 80 able | 80 
Continuo physical activity | Disagreeable. : 60 
but with light- or average- Good. Slightly dirty or oe- 
veight materials 60 casional exposure to dust, 
shysical effort with light- dirt, heat, fumes, noise, vi- | 
veight materials. serv- | bration, wet 
icing machines, handling time Approaching ideal conditions. 20 
red es only part of cycle a a Dangerous work. Exposure to | 
ra serious accident hazards or | 
Very light work requiring little oecunationel Gianese. 50 
phy effort. 20 || Somewhat dangerous work. | 
Considerable exposure to acci- 
Mental or Highly concentrated mental or | dent hazards or occupational | 
isual visual attention on very com- disease | 40 
demand plex jobs. 50 Reasonably safe but some ex- | 
Must concentrate mental or posure to accident hazards or | 
visual attention closely on | occupational disease. 30 
complex jobs or manual dex- | Safe Accidents improbable. 20 
terity with close visual atten- Accident or health hazards neg- 
tion for sustained periods. | 40 ligible 10 


used in this study is the same as that Point-Rating the Jobs 

used by the University of Florida for First, the plants must be visited and 
rating semi-skilled and technical jobs. the jobs studied to determine the job 
It is shown in Table II. requirements. To complete the picture 


a 
: 
: 
3 
‘ 
= 
3 
. 
: 
: 
& 


Vol. 31, No. 4 JOBS AND SALARIES 481 
oe Date 5-20-58 of data from a job evaluation study 
OF at a sewage treatment plant is shown 
STP AVERAGE FLOW MOD Vs 
Job Title Super in- Figure 1. 
. sponding salaries for 55 jobs at 12 
treatment plants are shown in Table 
Experience 22 66 176 132 I I I 
Ability 28 56 56 eu 
Prystcal Demand ho wo wo Job Points—Salary Relationship 
—— = = > x To find the relationship between job 
Equi ment 1o 2 2 x0 points and salaries the data are 
plotted on graph paper. Job-point 
totals are plotted along the X axis and 
the corresponding salaries are plotted 
Work of Others o wo x0 uo along the Y axis. The resulting plot 
is called a scatter diagram. Figure 
a 2 is a scatter diagram that was de- 
sards 
on veloped from the data in Table III. 
— A curve can be fitted to the plotted 
AVERAGE SALARY $233 g250 sur sur data by the graphical method, 7.e., the 


FIGURE 1.—Summary form used for 
data recording. 


the job requirements should be dis- 
cussed with the man and the superin- 
tendent. Based on the job descrip- 
tions, observations, and discussions, 
points are assigned to each job for 
each factor. 

In this connection it may be found 
helpful to record the points for each 
job on a summary sheet. A summary 


700 


Monthly Salary ($) 


0 1 1 


line of best fit is drawn by eye, or by 
the method of least squares (1). The 
The latter method is preferred by 
many authorities. The least squares 
line for the data in Figure 1 is shown 
in Figure 3. 


Job Levels 


In the Florida study no more than 
six salary levels were found at any 
one plant. Since the point-rating for 
the lowest job was 260 and for the 
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FIGURE 2.—Scatter diagram plotted from data collected at nine sewage 
and three water treatment plants. 
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TABLE III.—Point-Ratings and Monthly Salaries at 12 Treatment Plants 


Plant Point-Rating Monthly Salary Plant Point-Rating Monthly Salary 
A 334 $290 G 334 $230 
448 323 428 282 
552 368 
510 410 H 308 192 
604 475 346 208 
B 260 195 456 292 
424 282 570 362 
512 292 628 467 
550 314 -— 
I 296 238 
C 278 208 438 287 
438 298 546 oA? 
578 477 ej 
J 528 383 
far 458 333 
D 338 217 578 383 
ae 200 296 243 
532 314 K 318 254 
500 416 279 
488 329 
I 356 210 522 340 
386 288 580 394 
178 340 734 198 
634 117 — 
534 417 I 280 248 
690 417 368 260 
760 622 556 398 
448 372 
I 346 260 610 431 
578 350 712 559 
700 r 
600 F 
= 400} 
= 300F 
° 
= 200} 
100 


0 100 200 300 400 500 600 700 800 
Job-Rating Points 


FIGURE 3.—Least squares line for data shown in Figure 1. 
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FIGURE 4.—Job levels at 12 treatment plants in Florida. 


highest job, 760, it was reasoned that 
the range of points for the six job 
levels could be from 260 to 800 points 
or 90 points per job level. These job 
levels are shown in Figure 4. 

In analyzing the data from any 
plant the number of points between 
successive job levels may be computed 
by dividing the total range of points 
by the number of job levels necessary. 


Salary Ranges 


Salary ranges must be determined 
in a manner that will benefit all job 
levels equally. This means that be- 
fore an orderly salary schedule can be 
established extreme variations in the 
data must be resolved. This is largely 
an exercise in administrative judg- 
ment. 

Based on six job levels in Florida, 
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FIGURE 5.—Upper and lower salary limits established for 12 treatment 
plants in Florida. 
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each with a 90-point range, it was 
decided that an adequate salary range 
would be provided by setting the up- 
per limit equal to the ‘‘least squares’’ 
or curve value plus 15 per cent, and 
the lower limit equal to this same 
value minus 15 per cent. Also, these 
limits provide for salary overlap be- 
tween job levels. In Figure 5 the 
salary limit and least squares lines 
have been added to the scatter dia- 
gram. 

Some of the individual salary plots 
in Figure 5 are outside the limit lines. 
lor those values below the lower limit, 
salary increases seem to be in order. 
It does not follow, however, that salary 
cuts should be instituted for jobs pay- 
ing more than the upper limit. There 
would seem to be little wisdom in in- 
troducing discord when the 
tion of dissatisfaction is a 


elimina- 

major 
objective of a job evaluation study. 
At any rate, the apparent unfairness 
of an “‘overpaid’’ job ean be elimi- 
nated by increasing the duties or re- 
sponsibilities associated with that par- 
ticular position. 


Conclusions 

The results of a job evaluation 
study may make possible and feasible 
the establishment of salary ranges for 
specific jobs at treatment plants of 
various sizes and types. For example, 
the results of the Florida 
study have been arranged to form a 
table which indicates job titles, job 
levels, and corresponding salary 
ranges for treatment plant operators 


some of 


(Table IV). The plants listed in 
Table IV are of various sizes and 


types, thus the number of job levels 
at each of the plants is variable. The 
job levels are numbered from I, the 
lowest, to VI, the highest. 

A table similar to Table IV may 
be used to answer inquiries concern- 
ing salaries of personnel for new or 
proposed plants. 

From past experience it is believed 
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TABLE IV.—Possible Job Titles, Levels, and 
Salaries for Florida Water and Sewage 
Treatment Plant Employees 


Job Monthly 


Plant | Job Title Level Salary 

1 | Laborer | I | $182-246 
| Operator | II | 235-318 

| Chief operator | III | 288-390 

2 Laborer I | 182-246 
Operator | II | 235-318 

| Chief operator | III | 288-390 
Superintendent | IV | 341-462 

3 | Laborer | 1 | 182-246 
| Assistant operator |} II | 235-318 
Operator III 288-390 

| Operator-chemist | III | 288-390 
Maintenance chief | IV | 341-462 
Chief operator | IV | 341-462 
Superintendent | V 394-534 


Laborer I 182-246 
Sludge tank operator 


Plant operator 
Chemist 
Maintenance chief 


288-390 
| 
Chief operator | 


I 

IV | 341-462 
V 394-534 
V | 394-534 
VI | 


| Superintendent 448-606 


that state-wide job evaluation studies 
should be performed by a small com- 
mittee. The combined interests of the 
committeemen should cover the range 
of operational activities. The com- 
mittee would decide on the factors to 
be considered in rating a job, as well 
as the definitions and the point values 
to be assigned. 

Inasmuch as the study reported 
herein was conducted by an individual, 
the results are intended to be used only 
as a guide in making future studies 
under an evaluation committee. 

Once a job evaluation system is 
established a permanent committee 
should be maintained to review and 
compare job point-rat- 
ings, job levels, and salaries in the 
light of changing conditions. 


descriptions, 


Reference 
1, Patton, J. A., and Smith, R. S.. ‘‘Job 
Evaluation.’’ Richard D. Irwin, Ine.. 
Homewood, Til. (1952). 
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PLANT MAINTENANCE—PANEL DISCUSSION * 


I. SLUDGE PIPE CLEANING AT MINNEAPOLIS-SAINT PAUL, 
MINNESOTA 


By C. SAGER 


Engineer of Maintenance and Design, Minneapolis—Saint Paul Sanitary District, 
Minneapolis, Minn. 


The Problem 


The Minneapolis—Saint Paul treat- 
ment plant began operations during 
June 1938. Ten years later, a buildup 
started to form in the two 8-in. raw 
sludge lines which connect the sludge 
pumps to the concentration tanks and 
in the two 6-in. lines which connect 
the concentration tanks to the bucket 
elevators. 

The grease content of dry weather 
raw sludge for the period 1939—57 is 
shown in Table I. These data reveal 
no obvious change in grease content 
which would account for the heavy 
buildup. It is generally acknowledged 
that automatic washing machines, de- 
tergents, and garbage grinders came 
into rather widespread use at that 
time, but whether or not one or a com- 
bination of items is connected 
with the buildup problem remains to 
be determined. 


these 


Cleaning Methods 


In 1948, the affected lines were 
broken and cleaned with a knife and 


cable machine. The job was messy 
and required many man-hours of 
labor. In 1950, the District bought 


an &-in. hydraulically operated clean- 
ing tool (Figure 1). The machine 
was passed through portions of the 
8-in. lines and the greasy serapings 
were caught in an old filter cloth. 
From there the material was placed in 


*In part from the transcript, Annual 
Meeting, Federation of Sewage and Indus- 
trial Wastes Detroit, Mich.; Oct. 6— 
9, 1958. 


Assns.; 


+t Panel Leader. 
¢ Flexoscraper, manufactured by Jos. G. 


Pollard Co., Ine., New Hyde Park. N. ¥. 


garbage cans and hauled away. This 
method, too, was costly and messy but 
a clean pipe resulted. In 1952, a de- 
vice was made for easier insertion of 
the cleaning tool. 

During the next two years both 6-in. 
lines were replaced with 8-in. pipes 
and changes were made to the &-in. 
lines which connect the pumps to the 
concentration tanks. Among the lat- 
ter changes was the repiping of the 
discharge end of the line to permit 
over-the-top delivery to the concentra- 
tion tanks. The cleaning tool was cap- 
tured in a slotted box, the sludge fall- 
ing into the tanks (Figure 2). With 
this arrangement a faster, cleaner job 
was done. 

In 1954, for the first time, it was 
clean the 6-in. sludge 
suction lines that come from the set- 
tling tanks and the 12-in. dewatering 
lines frequently used for sludge with- 
drawals. The lines were broken and 
cleaned with a knife and cable ma- 


necessary to 


TABLE I.-—-Grease Content of Dry 
Weather Raw Sludge 


Number of Ave Grease 


Year Analyses Content (per cent) 
1939 7 19.1 
1940 23 16.7 
1941 23 14.3 
1942 5 11.7 
1944 IS 17.9 
1949 19.5 
1950 15 21.1 
1951 27 20.5 
1952 34 21.7 
1953 32 20.5 
1954 52 19.2 
1955 417 18.2 
1956 36 18.9 
1957 11 17.5 
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FIGURE 1.—Insertion of 8-in. cleaning tool in sludge discharge line. 


chine, Again, the job was costly and 
This 
booster pump (120 psi) was installed 


MeSSY. same year, a 200-gpm 


on the water supply to the hydraulic 
ally operated cleaning tool. 


In 1955, a 6-in., a 12-in., and an- 
other S-in. cleaning tool were pur 
chased In addition, changes were 
made at the outlets of the 8-in. lines 


on top of the concentration tanks to 


capture the tools in a safer manner. 


FIGURE 2.—Recovery of 8-in. cleaning tool. 


These changes brought about further 


cost reductions and eliminated the 
mess heretofore associated with the 
job. In 1956, changes were made to 


the six 6-in. sludge suction lines, each 
150 to 180 ft and to the two 12- 
in. dewatering lines, each 170 ft long. 
A new 6-in. plant effluent line (70 psi) 
was installed in each pipe galley and 
the 6-in. suction headers to the eight 


long, 


sludge pumps were increased to 10-in. 


Cleanings drop into top 


of sludge concentration tanks. 


pa 

* 
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FIGURE 3.—Discharge of cleanings into brick enclosures. 


lines, 
tool 
wooden enclosures. 


these 
cleaning 


In cleaning 
water, and were cap- 
tured in The re- 
sulting liquid was pumped or flushed 
out but to do this required a great 
deal of time. 

In 1958, two brick enclosures were 
built in the pump and blower building 
basement to capture the sludge, water, 
and cleaning from the 12-in. 
lines (Figure 3). A 4-in. suction line 
from the brick strueture is connected 


the sludge, 


tools 


to the displacement pumps. High pres- 
sure hoses are used for cleaning and di- 
luting. A metal sludge buggy is used 
to catch sludge and cleaning tools 
from the 6-in. suction lines (Figure 4). 
It is provided with a 4-in. valved out- 
let. A 4-in. hose is connected to a suc- 
tion line and the buggy is emptied with 
one of the regular sludge pumps. 
Cleaning of these lines now requires 
few man-hours and practically no mess 
results. 


FIGURE 4.—Sludge buggy for capturing cleanings and cleaning tool. 
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to use the knife 


certain 


It is still 
cable 


close to the pumps and on the pipes in 


necessary 


and machine on bends 


settling but 


1,220 ft 


the 
the 


tank sludge sumps, 
of 8-in., 340 ft of 


12-in., 
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and 960 ft of 6-in. sludge lines are 
cleaned with hydraulically operated 
cleaning tools on routine basis. 
Some lines are cleaned every two 
weeks. 


Il. SLUDGE PIPE CLEANING AT DETROIT, MICHIGAN 


By Frep H. BuRLEY 


Engineer of 


coincidence 
line 
In Detroit, the plant was 
operated for about fifteen years before 


than 


Something more 


seems to be involved in sludge 


depositions, 


plugged sludge lines became a serious 
matter. As suggested in the preceding 


paper, changes in sewage character- 
istics may be the cause of this trouble. 
In Detroit, detergents are suspected 
but little more than a suspicion can be 
offered in way of an explanation. 
Grease deposits build up to the point 
Where only a trickle of sludge can be 
moved, even when the pumps operate 
at their The 
itself may be very heavy in the sedi 


highest speed. sludge 
mentation tanks, but at the point of 


delivery in the filter room it is almost 


like water. Faced with this problem, 
it was decided that flushing of the 
lines should be tried. 

Two 12-in. lines are connected to 


the sludge pump header. One line is 
the sumps in the filter 
The other is routed to the 


If necessary, sludge can be 


directed to 
building. 
digester. 
pumped through the digester control 


house to the filter building. First, a 


tee and valve were installed near the 
mid-points of the line between the 
sedimentation tanks and the filter 


III. 


Superintendent, 


Bureau of 


Many 


been 


and discussions have 


viven on subjects dealing with 


papers 


sewage treatment plant operation and 


maintenance, but few have dealt with 


Sewage Tre 


Sewage 


Detroit, Mich. 

building and the line between the sedi- 
the 
The mid-point locations selected were 


mentation tanks and digester. 
convenient to the interceptor, so that 
the flushings could be removed easily. 

Next, blowoffs were installed at the 
ends of the sludge lines. These blow- 
offs consisted of a connection between 
the end of the and the 
inlet end of the sedimentation tanks. 
This afforded an easy means of getting 
the that 
from the lines. 

The pumps 
their maximum capacity in 


lines 


sludge 


rid of sludge was removed 
used at 
scouring 
Later, it was found that clean- 


ing was greatly improved when warm 


sludge were 


lines, 


supernatant or partially digested 
introduced the 


When the normal head in the digester 


sludge was into lines. 


is inadequate for flushing purposes, 


the plunger and centrifugal pumps in 


the digester control house are used to 


force the supernatant through the 
lines. 

As Minneapolis-Saint Paul, 
cleaning is done about every two 


weeks. If cleaning is delayed by as 


little as one week, sludge transfer ca- 


pacities are seriously decreased. 


SPARE PARTS AND SPARE UNITS 


IRVING 


Treatment, 


Sche nectady, 


the items probably most responsible 


for the continuous operation of plants, 
namely, spare parts and spare units. 
treatment long 


Sewage has come a 


wth, 
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| 
: 
4 
: 
: 
: 


Vol. 31, No. 4 
way from the days when most of the 
few parts needed could be fabricated 
at the treatment plant shop. Today, 
sewage treatment is highly mechanized 
and spare parts and units must be 
available if treatment is to be contin- 
uous. Bypass is no longer the byword. 

In 1950, when Schenectady broke 
vround for a new sewage treatment 
plant, spare parts and units were al- 
receiving consideration. Dur- 
ing construction, the availability of 
spare units was determined. If fail- 
ure of single units would likely cause 
interrupted operation, a duplicate was 
provided. 

Just having 


ready 


spare units in the 
proper place is not the whole answer 
to this problem. If an adequate sup- 
ply of spare parts for all critical units 
is not on hand, the operator or super- 
intendent has derelict in his 
duty. Of course, it is easier to say, 
‘Open the bypass to the river until 
we can get the necessary parts.”’ 

As the construction of the Schenec- 
tady plant progressed, inventory was 
taken on all units having parts that 
might cause a shutdown. It was en- 
lightening to discover the number of 


been 
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spare parts and equipment that are 
necessary to keep a sewage plant op- 
erating efficiently After the inven- 
tory was completed, it was realized 
that all of the needed parts could not 
be purchased at one time, so a plan 
was worked out with the purchasing 
agent whereby each year a_ certain 
number could be added. Now, a com- 
plete stock is on hand. 

The numerous 
occasions is—‘ Why carry such an ex- 
tensive stock of spare parts?’’ Well, no 
operator or plant superintendent can 
forecast the time of day or night when 
a breakdown will oceur and the de- 
livery time for some replacement parts 
is as long as three or four months. 
With an adequate supply of spare 
parts, there is no interruption in op- 
eration and no unnecessary anxiety on 
the part of the operators. A complete 
maintenance record is kept on each 
unit in the plant, listing the date, part 
used, its cost, and the cost of installa- 
tion. In this way, the weak spots in 
the plant can be discovered and cor- 
rective taken. Also, 
from these records a maintenance bud- 
get can be prepared. 


question asked on 


action may be 


Floor Discussion 


Van P. 
Clayton Sewage 


Enloe, Superintendent, 
Treatment Plant, At- 
The first system of sludge 
used in Atlanta was 
method used at 
This system consisted 
with a mixture of com- 
pressed air and water. We had quite 
a bit ten years 
ago. But, as was pointed out by the 
panelists, sludge and grease seem to 
build up in the lines faster in 
latter years. 

As a result, we have had to go to 
something else, so we purchased a flex 


lanta, Ga.: 
line cleaning 
patterned 
Coney 


after a 
Island. 
of flushing 


of suceess eight or 


these 


ible pipe cleaner. This cleaner is hy 
draulically operated. It was used on 
the 6-in. line which connects the elari- 
fiers to the digesters. This line is 630 
ft long. 


It took quite a bit of time to get it 
through the line the first time. Sev- 
eral times we were afraid that it 
would We ran it through a 
second time and then cleaned a line 


stop. 


to another digester in the same way. 


In order to make cleaning simpler, we 
made a connection at the di- 
vesters which permitted us to run the 
pipe cleaner from the sludge pumps to 
the digester, then around a 90-degree 
elbow and across to the other sludge 
line and back to the clarifier. We are 
doing this every month. 

From the Floor:—\ have a question 
I would like to direet at Mr. Burley 
concerning warm supernatant injected 
In our plant we 
have been fortunate in not having to 
clean our sludge lines. We may be on 


Cross 


into sludge lines. 
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190) SEWAGE AND 
but we have not done 
We have only a primary 
plant and we do not have warm super- 
natant. 

Is it your opinion, Mr. Burley, that 
might be used for the 
saine purpose? 

Mr. Burley:—1 think that warm wa- 
ter would serve the same purpose very 
well. It 
nomics. 

At Detroit, we do not have the large 
warm water that would be 


the verge of it 
it as yet. 


warm water 


is mostly a matter of eco- 


amount of 


required to clean our 12-in. sludge 
lines. The amount of supernatant 
used might run to 50,000 or 100,000 
val, 

L. T. Haggerty, Sewage Treatment 


Engineer, Dayton, Ohio:—I am going 
neck out a little bit. We 
had the same problem with deposits 
until We found that 
velocities we eliminated 


to stick my 


two vears ago, 
by increasing 
the problem. 

Our 250 ft 
the 


velocity to the telescoping valves. At 


longest line measures 


and we introduce air to increase 


that point we put in a smaller line 
than the original design called for. 
We now have a 6-in. line and move 


about 25.000 eu ft of 5 per cent sludge 
in 74% hr. I think the velocity figures 
out to be just under 5 fps. 
Joseph B. Hanlon, Superintendent, 
Treatment, Metropolitan Dis- 
We 
prob- 


Sewage 
trict Commission, Boston, Mass.: 
the 

broken pumps, 
all caused by the 
Our 


have experienced all of 
lems mentioned today 
broken pipe lines 
difficulties of 
sludge 


sludge pumping. 


line is about one mile long; 
it isa loop of two runs of about one 
half mile each 

The original design provided for a 
flexible pipe line cleaner and an access 
The the 


sludge were such that the cleaner com 


chamber characteristics of 
pacted the sludge into plugs as lone 
as SO to 100 ft These plugs had to be 
rodded out 

The pipe line was buried from 6 to 


8 ft deep. There were only two access 
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not be 
used because there wasn’t any way to 
After six or 
seven months of continuous difficulty, 
every man in the plant was assigned 


manholes and steam could 


remove the condensate. 


not 
Was a 


to the Trouble 
limited to the sludge lines. It 
matter of cleaning the pumps and the 
valves in the lines, as well as the long 
lines. We tried supernatant from the 
digesters which helped when we could 


pre ject. Was 


get enough of it, but when you use 
supernatant you interfere with the 
normal operation of the plant. The 
plant is shut down and_ sludge ac- 


cumulates in the sedimentation tanks. 
Finally, we designed and bought a 
5,000,000-Btu heat exchanger and an 
the used for 
moving 25 lb paper stock. We bring 
the up to 160 to 170°F 
and clean lines pumps in 
about 4 hr. 
Mr. Sager: 
obvious 


800-gpm pump of type 
temperature 
the and 
Well, I think it’s very 
from the already 

that pipe which 
trouble is likely to occur be 


discussion 
presented lines in 
This isn’t always possible of 
effort should be 
made to build as much accessibility as 


buried. 
course, but areal 
possible into the piping layout. 


There is another problem in design 


which should be recognized. still 
don't know why an access opening 
isn't put at the lower level of a di- 
gester. Even with a separate sewer- 
age system, grit will collect in’ the 
digester. Some fellows say that it 


takes four months to clean one out. 
A. Paul District Engi- 
Springfield Sanitary District, 
Springfield, Tl.:—In a digester, 
which is presently under construction, 
we do have a hatch opening in the 


Troemper, 
neer, 


new 


We are going to be able to clean 
it a lot the old 
certainly feel that a side opening in 


side, 
easier than tanks. | 


a digester is well worth whatever 
you put into it. 
The ‘Ten State Standards’ 


sign, which are being fairly well ae- 


money 


for de- 


cepted, require that the digester vol- 
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ume be calculated on the basis of the 
sludge standing on a 30-degree slope 
with the horizontal. I think that in 
many plants a lot of grit will be mixed 
with the sludge and it will stand at 
steeper slopes. You may get up to 45 
or even 60 degrees. 

Some of our older digesters haven’t 
been cleaned in a number of years and 
| would estimate that we have lost 
better than a quarter of the capacity 
of these tanks. 

From the Floor:—What type of grit 
chamber do you have? 

Mr. Troemper:—We have the con- 
ventional, velocity-type grit chamber. 
But there are times when you get a 
carry-over of grit, especially after a 
heavy storm. 

I don’t believe that any available 
vrit removal device is 100 per cent 
efficient. 

From the Floor:—We have one 
plant with an open digester that is 
building up a terrific amount of scum. 
The sun beats down on it all day long 
and the scum is as dry and hard as it 
can be. Is there anything you can do 
to break it up? 

Murray B. McKinnie, Superintend- 
ent, Sewage Treatment Plant, Santa 
Rosa, Calif.:—At another place in 
California we built a new plant and 
had to clean out a septic tank. The 
tank had about 15 ft of scum in it. 
We used fire hoses to break it up. It 
was a rather slow job but it did work. 

From the Floor:—\I have heard re- 
cently that sodium hexametaphosphate 
sprinkled on scum sometimes helps to 
soften it up. I wonder if there is 
any more information available? 

Charles E. Hughes, Superintendent, 
Sanitary District of Decatur, Decatur, 
Ill.:—Recently, we used sodium hexa- 
phosphate for a digester. We dis- 
solved it and then used an ejector to 
work it out against the scum area. It 
was entirely unsuccessful. 

Mr. Sager:—Does anyone else have 
something to say on the matter of 
scum ? 
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William H. Higgins, Engineer and 
Manager, Sewage Treatment Plant, 
Trenton, N. J.:—We use aluminum 
sulfate in connection with our scum 
trouble. We mix alum with our raw 
sludge and pump it to the digesters. 
We have floating covers but we still 
have scum. one time we had 
around seven or eight feet of scum. 
When we started out with alum too 
much was added and foaming took 
place. After that experience we cut 
down the dosage and now have good 
control. 

Mr. Troemper:—lIn cleaning our di- 
gesters, we found scum anywhere from 
2 to 4 ft thick. We broke it up with 
compressed air by sticking an air hose 
through it. The dispersed scum ap- 
pears to settle well. 

Mr. Sager:—Does anyone have a 
problem with vacuum filters? 

From the Floor:—We tried several 
types of filter media and had excep- 
tional success with polyethylene. Cot- 
ton flannel was good for 200 to 300 
hours, but polyethylene produced good 
results for 5.000 to 6,000 hours. 
When the polyethylene medium was 
changed it was usually to make re- 
pairs under the cloth, not because the 
cloth needed it. 

Mr. Irving:—We have done quite a 
bit of experimentation with the vari- 
ous cloths. We dewater digested pri- 
mary sludge. 

Originally, we used cotton flannel 
and got about 125 hours of service. 
We tried washing it and found it 
didn’t pay. Then we tried polyethyl- 
ene and had poor results. 

We finally hit upon Dynel. The 
manufacturer worked with us very ex- 
tensively and it was found that a cloth 
with a very strong nap produced ex- 
cellent results. We have an average 
yield of about 10 to 11 psf/hr from 
our filters in Schenectady. Our cloth 
runs now range from 500 to 700 hours. 

We steam clean our cloth when if 
becomes clogged. We use a detergent 
in our cleaner. The first cleaning is 
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followed by a cleaning with boiling 
water. This procedure more than 
doubles the life of the cloth. 

From the Floor:—Do you clean the 
cloth on the filter? 

Mr. Irving: Yes. 

From the Floor:—We use a hydro- 
We 
put the solution in the filter pan and 
rotate the drum. By 
rotation of the drum, not only the 
cloth, but the decking behind the cloth 
Sinee we have been able 
down our 
had 
them 


chlorie acid solution for cleaning. 


reversing the 


is cleaned. 


to cut lime dosage, we 
cloths as often. 


1,000 to 38,000 


to clean 
after 


haven 
We 
hours of use. 

From the Floor:—We filter a di- 
mixture of primary and _ ac- 
sludge. The coagulant 
chloride, to which a very 
amount of added. 
you 


clean 


vested 
tivated 
is ferric 


used 
small Separan is 
Separan is but use 
little. 

have experimented for 
with different types of filter 
We have cotton cloth, 
Orlon, but always 
back to wool. 

About a two read 
that Chicago was getting phenomenal 
results with a Dacron cloth. We 
bought one Dacron blanket, which cost 
about 30 per cent more than the wool. 
Our experience with 
about 900 hours of operation, which 
The first 
was de- 


expensive, 
vers 
We years 
media. 
Dynel, 
went 


used 
and nylon, 


vear or ago, we 


wool has been 
we thought was pretty good. 
and 
stroyed after 8,600 hours, which was 


Dacron blanket got torn 
rather astonishing. 

Now, all of our filters are equipped 
cloths. The 


is almost 


with Dacron price has 


come down and it the same 


price as wool. Of course, it lasts ten 


times as long as wool. 


From the Floor: 
electric 


How do you clean 
50 to 200 hp? 
What method do you use? 


Mr. Burley:—Well, 


large motors 


this is a good 


time for me to get in a plug for safety, 
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which is closely associated with main- 
tenance, 

As a first step, we remove the motor 
and tag the safety switch. Following 
the motor re- 
ceives a solvent cleaning. At one time, 
tetrachloride used exten- 
sively for cleaning motors and grease 
general. It is no 


because of 


cleaning by blowing, 


carbon was 


removal in longer 
its toxie fumes.  In- 
substitute, of 


used 


stead, a safer which 
there are many, is used. 

The should always be 
cleaned and repacked. I think it is 


important that only certain men, pref- 


bearings 


erably the electrical maintenance crew, 
touch the bearings of electrie motors. 
Nothing 
often than too much grease. 


ruins electric motors more 
The insulation and windings should 
and defects should be 


This is followed by recoat- 


be inspected 
corrected. 
ing. 

Mr. Higgins:—We 


patching our roof. 


constantly 
We can’t seem to 
keep our copings tight. 


are 


| was wondering if anybody has an 


idea on how to keep copings leak- 
proof. 

Virgil Anderson, Architectural En- 
qineer, City Water Board, Detroit, 
Mich.:—This coping problem is, of 
course, a serious one, not only on di- 


We at- 


tempted to solve it by using an alumi- 


vesters, but on any building. 


num coping and copper flashing. 

The sewage treatment plant build- 
ings have been in use now for 18 years 
and we have had no trouble with this 
kind of coping. 

From the Floor:—We have quite a 
bit of trouble with a 
meter. 


rotary-type gas 
Do you send these meters back 
to the factory or do you repair them 
yourself 

We have tried to repair them but 
never have a whole lot of success. 

W. E. Ross, Superintendent, Sani 
District and Sewage Treatment 
Plant, Richmond, Ind.:—We find that 
it is necessary to change the oil in the 
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bearing housing about once’ every 
three or four weeks. If we do that, 
we cut our maintenance way down. 
Longer intervals between oil changes 
cause a great deal of trouble. 

We happen to treat garbage with 
our and find that we get a 
carry-over of condensate in the meters. 
This causes quite a bit of trouble, but 
we have been able to eliminate most of 


sewage 
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it by using special oils and changing 
them quite often. 

One time we were told to use castor 
oil, but we found it was entirely too 
viscous. So, we went back to the old 
oil and changed it more often. 

If you take the meter apart, you 
have to be careful in replacing the 
parts. The parts have very small 
clearances, 


OPERATOR TRAINING AND CERTIFICATION IN 
NEW YORK * 


By Merepiru H. THompson 


Acting Director, Bureau of Environmental Sanitation, New York State Department of Health, 


Albany, 


The certification of water and sew- 
age treatment plant operators is done 
with but one objective in mind—to 
make reasonably certain that treat- 
ment facilities will be operated  effi- 
ciently and effectively. This objective 
can be fulfilled only by the employ- 
ment of qualified, competent operating 
personnel on a continuing basis. The 
method for accomplishment may vary 
from state to state but the basie ob- 
jective remains the same. In many 
instances, operator groups have been 
the motivating force in seeing that 
training and certification procedures 
are established and carried out. The 
Federation of Sewage and Industrial 
Wastes Associations and the American 
Water Works Association, together 
with their many affiliates, and the 
state health departments have offered 
euiddance, support, and 
in the development of 
programs. 

The need for qualified, competent 
operators of water and sewage treat- 


coordination 
certification 


* Presented at the 9th 
Florida 
Assn. 
Wastes Assn.; 
Beach, Fla. 


Joint Conference, 
Water Works 
and Industrial 
1958; Miami 


American 
Sewage 


19-22 


Section, 
Florida 
Oct. 


ment plants is more pronounced today 
than ever before. The ever increasing 
use and reuse of water by municipali- 
ties and industries, the discharge of 
new types of wastes, and the increas- 
ing use of water resources for recrea- 
tional, agricultural, and other pur- 
suits, combine to make treatment prob- 
lems much more complicated. 

It is the responsibility of each state 
and community to develop a workable 
plan which will produce and keep on 
the job the competent and qualified 
operators needed to cope with today’s 
and tomorrow’s water and waste 
treatment problems. 


New York’s Program 


Classification 

Many states have programs for the 
certification of operating personnel 
which are working satisfactorily. In 
New York, persons wishing to be ap- 
pointed or employed as operators must 
have certain educational and experi- 
qualifications. The details of 
qualification certification are covered 
in Chapter XI of the New York State 
Sanitary Code. This Chapter specifies 
that no person shall be employed or 


ence 
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appointed as an operator or assistant 
or shift operator unless he 
the qualifications prescribed for such 


possesses 


position at the time of employment. 
Six established for both 
water and sewage treatment plant op- 
erators. The are: I-A, I-B, 
I1-A, II-B, These 
vrades are the degree of 
rendered by the specific 
plant and the population served. <Ac- 
tually, the plants themselves are placed 
in either the I, II, or Ill category. 
An ‘‘A’’ operator can any 
plant in the State requiring an oper- 
ator in his 


grades are 
vrades 
III-A, and 
based on 


treatment 


operate 


erade or a lower grade. 


For instance, an operator with quali- 


fications approved as Grade I-A can 
operate any plant in the State. On 
the other Grade II operator 
can operate any Grade II or III plant 
but not a Grade I plant. A Grade II] 
operator can operate only a Grade III 
plant. An operator approved in the 
category only a 
specifically designated plant as it ex- 
isted on the date of application. Fur- 
not 
to operate any other plant 


hand, a 


can operate 


thermore, the operator is 
allowed 
or the same plant if major changes are 
made. 

As indicated previously, the Grade 
I-A operator is qualified to 
any plant in the State. 

a bachelor’s degree in a 


operate 
He must have 
related field 
of engineering or in chemistry. He 
must have not less than 


one year of 


experience. The other grades require 
less education and varying amounts of 
experience. Some of the grade quali- 
fications require satisfactory comple- 
tion of an appropriate course of in- 
struction. 

It is necessary that all plant oper- 
ators in responsible charge possess the 
qualifications established by the Sani- 
tary Code for the plant they are to 
operate. It does not mean that they 
ure covered by civil service nor does 
that 


In many instances, however, 


it mean they cannot be dis- 


charged. 
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the position is covered by local civil 
service. Where this is the case, quali- 
fications must be certified before the 
civil service examination can be taken. 
The Municipal Service Division of the 
New York State Department of Civil 
Service works in cooperation with the 
local civil service boards and the New 
York State Department of Health to 
have these positions placed on a civil 
very satis- 
If the position 
is not covered by civil service status 
the officials may replace a qualified 
and competent operator. However, 
such replacement must be with a per- 
meeting the required qualifica- 
tions. So, even under these condi- 
tions, the requirement of certification 
is a deterrent to frequent turnovers. 

Under certain conditions a qualified 
operator may not be available. The 
Public Health Council may grant a 
waiver of qualifications in order to 
vive the applicant an opportunity to 
obtain, within a_ specified time, the 
training experience. 
These persons are generally required 
to attend an appropriate, approved 
course of imstruction. 


This is a 
factory arrangement. 


service status. 


son 


necessary 


Training 


In addition to basic courses of in- 
struction, it is necessary to provide 
operators with an opportunity to stay 
abreast of progress in their particular 
field and to study for advancement to 
the next higher grade. Accordingly, 
schools covering Grades IT and III for 
both water and sewage treatment plant 
operators are conducted periodically 
at various points throughout the State. 
The schools vary in length from three 
to five days for Grade III schools to 
two for Grade II schools. No 
course has been established for Grade 
I-A the educational re- 
quirement contained in the Sanitary 
Code. 

The curriculum of the schools is de- 
signed to meet the needs of the specific 


weeks 


because of 


\ 
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operators. The responsibility for con- 
ducting Grade III schools rests with 
the five regional engineers of the State 
Department of Health. They determine 
through the local health units the 
number of operators or persons who 
wish to or must attend a Grade III 
The date for the school is 
decided, a place to conduct it is se- 
lected, and arrangements are made for 
competent instructors. The selection 
of instructors who can teach and who 
know the practical aspects of 
plant operation is often a most diffi- 
cult job. 


school. 


also 


Since these schools are con- 


ducted by five different engineers and 
by different instructors, a great varia- 


tion in subject matter presented could 
undoubtedly follow without a stand- 
ard curriculum and manual. To avoid 
this problem a manual is prepared 
which, in addition to its classroom 
value, provides operator with 
reference 


each 
material. 

At the completion of the course, a 
written examination is given. The 
student must attend all appropriate 
sessions of the course to be eligible to 
take the examination. If the appli- 
cant passes the examination and has 
sufficient experience, he may apply to 
the Public Health Council for ap- 
proval of his qualifications. If ap- 
proved, he is issued a certificate by 
the State Department of Health set- 
ting forth the grade in which he is 
qualified. No fee is charged for the 
certificate or for attendance at the 
course. 

Grade Il water and sewage treat- 
ment plant operator schools are con- 
ducted at universities by contract with 
the State Department of Health. At 
least four widely separated universi- 
conduct — such Here 
again, a standard and 


ties courses, 


eurriculum 
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manual are used. The only fee 
charged for the course is the univer- 
sity laboratory fee of approximately 
$25 or $30. 

Before determining the courses to 
be taught at the various schools past 
experiences are evaluated and confer- 
ences are held with operators and uni- 
versity and Health Department per- 
sonnel, 

The scheduling of the schools is 
varied to meet the need of the oper- 
ators in a particular area. In one area 
Grade IIL schools may be conducted 
on three to five consecutive days while 
in another area they may be con- 
ducted on the basis of one day a week 
for three to five consecutive weeks. 
The one-day-a-week plan permits the 
operator to be absent from his plant 
a minimum of time and involves mini- 
mum The Grade IL schools are 
generally conducted on a basis of five 
days a week for two consecutive weeks. 
One university conducts the course on 
the basis of one day a week for 30 
consecutive weeks. 


cost. 


Conclusions 


Experience with compulsory certi- 
fication in New York has proved to be 
satisfactory. It has not solved all the 
problems but it has resulted in a 
greater number of competent oper- 
ators and a reduction in the number 
of changes in operating personnel. It 
requires that the municipality employ 
persons with specific qualifications. 

It is the writer’s opinion that a 
voluntary certification program will 
not accomplish its intended objective 
since it is usually the operator who 
does all the volunteering. 
party—the municipality 
an active participant. 


The second 
must also be 
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EFFECTS OF CHROMIUM WASTES ON ACTIVATED 
SLUDGE 


By S. A. 


STANKEY 


Superintendent, Sewage Treatment Plant, Fairfield, Conn. 


This discussion describes some of the 
effects of chromium wastes on the acti- 
Fairfield, 
Conn., from the time these wastes en- 


vated sludge process at 
tered the plant until they were finally 
removed from the raw sewage flow. 
Also. it describes how the chromium 
wastes were eliminated from the sewage 
and what was done to bring the acti- 
vated sludge and sludge digestion proc- 
esses back to normal. 

The effectiveness of the activated 
sludge process depends in a large meas- 
factors. This 
aquatic environment must be 


ure on environmental 
kept in 
balance at all times. It must be sup- 
plied with optimum amounts of sus- 
pended solids and dissolved oxygen. 
It must be maintained at an optimum 
pli and adequate contact time must be 
provided for the micro-organisms pres- 
ent. Any radical changes in the com- 
position of the wastes to be treated 
tend to upset the balance. 

recognized that 
metals, such as copper and chromium, 
industrial 
trouble in 


It has long been 
contained in wastes may 
treatment. 
They are toxic to the micro-organisms 


cause sewage 
on which all biological treatment proc- 


eSSCS depend. 


Normal Conditions 


The Fairfield sewage treatment plant 
is of the conventional activated-sludge 
tvpe, designed to treat 4 mgd of sani- 
tary sewage. At present, there are, in 
addition to the sanitary connections, 
about 20 industries using the system. 
A few of these industries have objec- 
tionable wastes, mainly acids, which re- 
quire pretreatment. Wastes discharged 
to the city system must have a pill 
within the range of 5.0 to 9.0. 


During the five years prior to March 


1957, operations at Fairfield were very 
satisfactory. During this period oe- 
casional slugs of acid were received at 
the plant, caused mainly by mechani- 
failures at industrial 
When acids 


appeared in the sewage their source 


cal or human 
pretreatment facilities. 
was immediately traced and steps were 
taken to remove or neutralize them. 


Chromium Wastes 


Observations 


These occasional, limited discharges 
of acids or caustics were of minor con- 
sequence in comparison with the con- 
ditions that oeeurred during March 
and April of 1957. 

One morning during the first week 
of March it was found that the sewage 
in all of the open treatment units was 
colored a greenish yellow. At first it 
was believed that a batch of dye had 
How- 
ever, instead of clearing up after 24 
hr the sewage in the treatment units 
was an even darker green. 

The effects on the activated sludge 
process were marked. The floc, in- 
stead of having sharply defined edges, 


been dumped by some industry. 


became very fine and pin-point in 
The final effluent, instead 


of being erystal clear, became turbid 


appearance, 


and activated sludge began to flow over 
The pH of the final effluent 
dropped from a normal value of 6.9 


the weirs. 


to 6.0. The dissolved oxygen in the 
mixed liquor was very hard to measure 
because the color of the sewage inter- 
fered with the Winkler method. Thus, 
the air requirements of the process 
BOD removal 
dropped from 95 to 70 per cent and 


were a guess. The 
the suspended solids removal dropped 
from 96 to 78 per cent. Gradually, the 
pli of the digesting sludge dropped 
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from 6.9 to 64. The total alkalinity 
also dropped from 2,200 to 1,400 mg//1, 
with a slight noted in gas 
production. During this period the 
pH of the raw sewage fluctuated: but 
in general it remained very low. The 
lowest value observed was 1.3. 


decrease 


Source 


The adverse operating conditions de- 
scribed above continued until the cause 
was discovered and corrected. It was 
felt certain that this troublesome con- 
dition was caused by a toxie industrial 
waste, hence, an attempt was made to 
find the source. With the dark green 
coloring present in the sewage this was 
very easily accomplished. The source 
turned out to be a new chromium- 
plating company that had moved into 
town and had connected its industrial 
waste discharge to the sewer system 
without notification. This company 
had started 24 hr/day operations, dis- 
charging their chromium rinse waters 
without any pretreatment. Their rate 
of discharge was 192,000 gpd which 
Was approximately 10 per cent of the 
total flow to the plant at the time. 

Samples were taken and sent to the 
laboratory of the Connecticut State De- 
partment of Health for analysis. The 
results of these tests showed that 28 
mg 1 of hexavalent chromium was pres- 
ent in the sewer line adjacent to the 
plating plant and that there was still 
7 mg/l of hexavalent chromium present 
in the primary settling tank effluent 
even after dilution with a flow of 2 
med of sewage. 

The State Department of Health ad- 
vised that this quantity of chromium 
was excessive for the proper operation 
of the plant. They recommended that 
Fairfield take immediate steps to have 
the plating company reduce the chro- 
mium discharge to safe levels. 


Elimination of the Problem 

The owners of the factory explained 
that they had been displaced by the 
new Connecticut Turnpike and had 
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moved to Fairfield from a large, near- 
by city where they had been located 
for years. In their previous location 
they were able to discharge their in- 
dustrial wastes without any pretreat- 
ment. At their former location, the 
city operated a primary treatment 
plant only and had no sludge digestion 
facilities. Raw sludge was dewatered 
on vacuum filters. The differences be- 
tween the methods of sewage treatment 
in use at each city were explained as 
well as the need for pretreatment at 
Fairfield, 

Later, a meeting was held with all 
interested officials in attendance. At 
this meeting, suggestions were made to 
the company on possible ways of rem- 
edying the condition. The 
owners were very cooperative, 


company 

One of 
the methods suggested, and the least 
costly to initiate, was to build drip 
trays on which the plated 
would be allowed to drain. 
as well 


castings 
The drain- 
as the rinse water used 
on the castings, was to be returned to 
the chromium solution tanks. In the 
old method the castings were washed 
immediately and all drainage entered 
the sewer. 


age, 


In the new method rinsing 
was to be done with a fine water spray. 
The pH was to be kept within the pre- 
scribed range by adding the necessary 
neutralizing chemicals to the waste dis- 
charge. 

The company immediately had trays 
made and started using the new sys- 
tem. Results were very gratifying both 
to the plating company and to the Town 
of Fairfield. The discharge of chro- 
mium was drastically reduced, and the 
addition of neutralizing chemicals, 
when needed, corrected the very acid 
conditions previously noted, 

Since the in-plant changes to the 
plating process have been made _ the 
company is realizing a very substantial 
saving in chromium costs. More than 


50 per cent of chromium formerly 
wasted is now recovered. The fine- 
spray rinse has reduced water con- 


sumption drastically. Water use has 
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dropped from 192,000 to 72.000 gpd, 
a reduction of nearly 60 per cent. 
Although the 


chromium discharge 


from this source has not been com 
pletely eliminated, the small amount 
that still enters the sewer does not 


noticeably affect the treatment process. 

During the period of upset operating 
of hydrated lime 
was added to the mixed liquor in the 
tanks to 


conditions, a slurry 
aeration normal 
pH. Also during this period and for 
a few days after the condition was cor- 
rected, a total of 5,000 lb of lime was 
added to the 


maintain a 


INDUSTRIAL WASTES 


April 1959 


At the end of the 
10-day period of lime addition the pH 
of the digester’s contents was raised 
from 6.4 to 7.0 and the total alkalinity 
1,400 to 2,200 mg/1; 
the latter figure is normal for the Fair- 
field plant. 

The difficulties at Fairfield are not 
intended to imply that a secondary 
treatment plant cannot treat industrial 
the contrary, industrial 
wastes are treated in the Fairfield acti- 
vated sludge plant, but there are limita- 
tions on the amount and character of 
the wastes that can be handled. 


primary digester. 


Was raised from 


wastes. To 
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raw sludge entering the 
Bon Voyage 
Getting the world’s largest mobile 


offshore platform to sea took some 
tricky maneuvering to duck under the 
Golden Gate Bridge and then jump 
over a sand bar at the mouth of the 
bay. 

With its four 
than 200 ft above water, 
Ferris”’ 


Los Angeles, where it 


towering more 
the 4.500 ton 
headed toward 
will soon begin 


‘George F, 
the spectacular operation of *‘walk- 


floor to the 
largest, heaviest, longest, and deepest 


ing’’ the ocean assemble 
sewer pipe ever pieced together under 
water. 

The 


frog 


unique 
through 


platform 
San 


played 
Francisco Bay to 


leap 


vet its 275-ft high legs over and under 
obstacles. It was probably the only 


time in the history of the Golden Gate 


Bridge that a marine craft had to 
duck its head to get under the main 
span. 

It took about eight days for the 
platform to reach the Los Angeles 
area. When ready, the ‘‘George F. 
Ferris’’ will jack down its legs to 


the ocean floor and begin laying six 
miles of 12-ft diameter sewer pipe in 
water up to 200 ft deep. 

The $20 million sewer pipe job is 


being handled by Hyperion Construe- 
tors, a joint venture of six well-known 


construction firms. 
Getting the mammoth rig out of 
San Francisco Bay was tricky. — Its 


four 275-ft high legs had to be jacked 
to full height to permit the rig to be 
towed through 
dock in’ Richmond, the 
erected. As entered 
deep water in the bay, the ‘‘George F. 
Ferris’ 


shallow water from a 
where 


soon as it 


legs 
were 
quickly lowered its legs 57 ft 
to clear the 232-ft high bridge span. 
Then, after underneath, its 
legs were rapidly the 
Once at the 
final leg adjust- 
The 25-story-high stilts were 


passing 
raised to clear 


offshore sand bar. 


platform 


sea, 
made its 
ment. 
lowered until 374 feet dragged un- 
derneath the hull, providing adequate 
navigational can be 
jacked up or down at a speed of about 
40 ft per hour. 


stability. 


Legs 


Weather and tide controlled the 
sailing date of the ‘‘George KF. 
Ferris.’" The departure was post- 


poned until weather experts predicted 
at least a the 
was 


of calm sea for 
High tide 
Bay to get the rig 


week 
Angeles. 
the 
from its dock in 


tow to Los 
required in 
away Richmond and 


over the offshore sand bar. <A strong 
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FIGURE 2.—The “George F. Ferris” sails under the Golden Gate. 


current entering the Gate also 
needed to slow the rig enough to pro- 
vide time to raise the legs in the rela- 
tively short stretch between bridge 
and sand bar. 

The ‘‘George F. Ferris” 


Was 


will lower 
600-ton assembled sections of pipe to 
the ocean floor, connect them with pre- 
viously laid sections, and then backfill 
around them with a cradle of gravel. 
After each 192-ft long pipe section is 
laid, the rig will ‘‘walk’’ ahead by 
first jacking down its platform on the 
legs until the entire unit floats. Then 
it will winch itself ahead to the next 
pipe position, lowers its legs, and lift 
itself above the reach of waves to re- 
peat the sequence. 

The self-elevating principle has 
been used to install offshore oil drill- 
ing platforms and also the first Texas 
Tower radar station in the Atlantic 
But the technique has never 
been attempted at such a great depth 


Ocean. 
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of water, or on a device requiring so 
many separate jacking operations. ‘To 
lay the 32,000 ft of offshore pipe, the 


rig will be jacked up and down at 
least 170 times. Pipe alignment, 
jointing, and backfilling will be moni- 


tored by underwater television. 


Indicators of Good Sludge Digestion * 
Look for the following signs: 

1. The pH of the digester contents 
should be slightly 
higher. 

2. The volatile acids content should 
be less than 300 mg/I. 

3. The total alkalinity 
greater than 2,000 mg/l. 

4. The digester gas should contain 
less than 36 per cent carbon dioxide. 


close to 7.0) or 


should be 


* Newsletter of the California Sewage and 
Industrial Wastes Assn. (Dee. 1958). 
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News and Notes 


Of Persons and Activities 


in the Wastewater Field 


Dr. Willem Rudolfs died recently in his 
native Netherlands. He was known widely 
for his outstanding work in the wastewater 
field for many years at Rutgers University, 
from where he had been retired since 1952. 
Dr. Rudolfs was elected to Honorary Mem- 
bership in the Federation in 1945 and was 
Award winner in 1944. 

The Federation is greatly indebted to Dr. 
Rudolfs for 
the outstanding of these was his long and 
faithful tenure as Chairman of the Research 
Committee. 


an Emerson 


many contributions. Among 


Harry E. Jordan will retire September 
23 years as Secretary of the 
Water Works Association. The 
water utility fortunate 
in receiving 56 years of his service. 


| after nearly 
American 
been 


business has 


Arthur H Scanlon, chief of sewage dis- 
York City 


died re- 


posal operations of the New 
Public Works, 


Department of 
cently. 


Dr. J. Carrell Morris has recently been 
promoted to the rank of Professor of Sani- 
Engineering at 


tary Harvard University. 


Dr. James C. Lamb III has been ap- 
Associate Sanitary 
Engineering in the Department of Sani 
tary Engineering at the University of North 
For the 
with the 


as a Sanitary 


pointed Professor of 


Carolina. past several years he 


has been American Cyanamid 
Engineer at the 


Boundbrook, New Jersey plant. 


( ‘ompany 


Gordon E. Mau is now employed by the 
Ralph Parsons Company and is on an as- 
sigument in Dacea, East Pakistan. 


Walter A. Sperry recently retired as Su- 
perintendent of the Aurora, Illinois, Sani- 
tary District after 28 years of service. He 
Medal in 1952, the 
1949, and the Hatfield 


won the 
Bedell 
Award in 


Glen H. Abplanalp, Alvin M. Mock, 
and Stanley H. Sutton have been ad- 
mitted as Partners in the consulting engi- 
Havens and Emerson; and 


Gascoigne 
Award in 
1950, 


neering firm of 


George D. Simpson, Carl E. Lesher, Jr., 
and Sol Koplowitz have been advanced to 
Associates. 

W. H. (Pete) Wisely, Exeeutive Secre- 
tary of ASCE and formerly 
Secretary-Editor of the has 
recently been appointed a lecturer in Sani- 
tary Engineering at the University of Illi- 
nois. this will 
several lectures each year. 


Executive 
Federation, 


capacity he deliver 
Infilco Incorporated, Tucson, Arizona, 

has announced the acquisition of the Gale 

Separator Company of Bloomfield, N. J. 


Fozi M. Cahaly has been appointed one 
of five Vice-Presidents of the engineering 
firm of Fay, Spofford & Thorndike, Ine., 
Soston, Massachusetts. 

A. D. Caster, Principal Sewage Disposal 
Engineer of Cincinnati, Ohio, was elected 
Vice-President of the Cincinnati Section of 
the American Society of Civil 
for the 1959-60 term. 

D. M. McDowell has been named Di- 
rector of Engineering for the Roots-Con- 
nersville Blower Division of Dresser In- 
dustries, Incorporated. 


Engineers 


Henry J. Miles has joined the staff of 
the University of Arizona as Professor of 
Civil Engineering in charge of hydraulies 
fluid 


and mechanics. 


John J. Priest, Chief Chemist for the 
Halifax Paper Company, Roanoke Rapids, 
N. C., died recently. 


George E. Glover has been named Man- 
ager of the Industrial Waste Department 
of the Cochrane Corporation, Philadelphia, 
Pa. 

George A. Horlacher has ap- 
pointed a regional engineer-utilities in the 
Cleveland, Ohio, area by B-I-F Industries, 
Ine. 


been 


J. S. Newman has been named Execu- 
tive Vice-President Manager 
of Josam Manufacturing Company, Michi- 
gan City, Indiana. 


and General 
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BIOSORPTION® Activated Sludge Plant 
Neillsville, Wisconsin 


Consulting Engineers 


Davy Engineering Co., Inc 
La Crosse, Wisconsin 


SUPERIOR 
FEATURES 


" 
i 


PRESSURE RELIEF and 
VACUUM BREAKER VALVE 
with FLAME ARRESTER 
FIG. No. 5800C 


The multi-plate Flame Arrester bank 
has larger area than competitive units 
of same size. 


“VAREC" Fig. No. 5800C 


Pressure Relief and Vacuum Breaker 
Valve installed on INFILCO unit. 


-. Easy to clean. Just loosen frame hold- 
ing Flame Arrester plates together — 
plates separate to permit easy clean- 
ing with distillate, chemical solution 


Much more flow per minute than : 
or wire brush. 


same size competitive equipment, 
due to less capillarity and friction in 
the Flame Arrester passageways; 


2. 


All aluminum construction makes 


4. 


streamlining and expanding passage- 
ways of Pressure Relief and Vacuum 
Breaker Valve. 


“VAREC” Pressure Relief and Vacu- 
um Breaker Valve corrosion resistant. 
Lighter weight facilitates installation. 


The flame arresting element is identical to that listed by 
Underwriters Laboratories and approved by Associated 
Factory Mutuals Laboratories for use on oil storage tanks 
on which hazard is considerably greater than that generally 
encountered in sewage treatment plants. 


Send for “*WAREC"’ Catalog S-3 today. 


THE VAPOR RECOVERY SYSTEMS COMPANY 
2820 North Al 
Cable Address: Varec Compton California (U.$.A.) All Codes 


Street, Compton, California 


Available from Authorized Equipment Agents throughout the U.S. and Canada. 


“ 
l57a 
a = 
A 
mat 
iz: <3) 
| 
: 
$-15 


SEWAGE AND 


INDUSTRIAL 


WASTES 


Proceedings of Member Associations 


MISSOURI WATER AND 
SEWERAGE CONFERENCE 


The 
Missouri 


the 
Con- 
Section 


Meeting of 
Sewerage 


Joint 
Water and 
the Missouri 
the American Water Works 
tion was held at the Hotel Governor, 
Jefferson City, Mo., Sept. 28-30, 1958. 
Registration totaled 296. 

The technical program was a good 
effective of 
panel discussions. Among the papers 
of particular interest to sewage works 


Annual 


ference and of 


Associa- 


one and use was made 


industrial waste treatment 


were: 


and per- 


sonnel 


‘““New Wage Law of Missouri,’’ by 
June R. Industrial 
Commission, Jefferson City, Mo. 

**Pertinent of the Water 
Pollution by Jack K. Smith, 


Rose, Chairman, 


Aspects 
Law,’ 


COPPER SULFATE safely controls 
about 90% of microorganism nor 
mally encountered in water treat- 
ment plants efficiently and more 
economically than any other 
chemical. 


effectively 


So. * 


purification 


TENNESSER CORPORATION 


SULFUR DIOXIDE 


Executive Secretary, Water Pollution 
Board, Jefferson City, Mo. 
‘*Panel Discussion: Licensing Pro- 
gram for Sewage Works Operators.’’ 
** Panel Mainte- 
nance.”’ 
**Pump 
tion,”’ 


Discussion: Sewer 
Maintenance and Cavita- 
by Leo Galvin, Jr., Manager, 
Pump Department, Fairbanks, Morse 
St. Louis, Mo. 

**Sewage 


and Co., 
Oxidation Basin Studies 
at Fayette,’’ by Dr. Joe K. Neal, Biol- 
ogist, USPHS, Kansas City, Mo. 


The Bedell for outstanding 
personal service to the Conference was 
presented to Prof. Lindon J. Murphy 
Prof. Harold Babbitt ae- 
cepted for Prof. Murphy. 

Elected officers of the Sewage 
and Industrial Wastes Section of the 


Award 


in absentia. 


as 


FERRI-FLOC produces rapid Floc 
Formation — Controls Taste and 
Odors Coagulates Over Wide 
pH Range — Increases Filter Runs — 
Removes Turbidity, Color, Mango- 
nese, Silical and Bacteria... Ferri- 
Floc is a free flowing granular 
salt that can be fed through most 
standard dry feed equipment... 
Ferri-Floc is easy to handle and 
will keep for long periods of time 
in closed hoppers. 


WATER TREATMENT 

Efficient Coagulation of Surface or 
Well Water — Effective in lime soda- 
ash softening — Adaptable in treat- 
ment of all industrial applications. 


SEWAGE TREATMENT 


Coagulates over wide pH ranges 
and provides efficient operation re- 
gardless of rapid variations of raw 
sewage — Very effective for condi- 
tioning sludge prior to vacuum fil- 
tration or drying on beds. 


is used most i} 
dechlorination in 


water treatment and to remove ob- 
jectionable odors remaining ofter 


FREE BOOKLET — Let us send you 
free a 38 page booklet that deals 
specifically with all phases of 
coagulation. 
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Missouri Water and Sewerage Confer- 
ence for 1958-59 were the following: 


Chairman: Werner F. Heidtke, St. 
Ann. 

Vice-Chairman: Lawrence Martin, In- 
dependence. 


Secretary-Treasurer: Warren Kramer, 
Jefferson City. 
WARREN KRAMER 
Secretary-Treasurer 


NEBRASKA SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The 7th Annual Meeting of the Ne- 
braska Sewage and Industrial Wastes 
Association was held at the Lincoln 
Hotel, Lineoln, Nebr., Nov. 6—7, 1958. 
The total registration was 68. 

The technical program covered the 
sewage and industrial waste field very 
well. Among the subjects discussed 
A report on the use of electri- 


were: 


(Continued on page 160a) 


plant operators, municipal officials . 


BIOLOGICAL TREATMENT 


OF SEWAGE AND 


INDUSTRIAL WASTES 


Edited by 

BROTHER JOSEPH McCABE 
and W. W. ECKENFELDER, 
Manhattan College 


Aerobie Oxidation 
1956, 400 pages, $10.00 


Volume 1: 
Volume 2: Anaerobic Digestion 

and Solids-Liquid Separation 
1958, 336 pages, $11.50 


the first two volumes of a series 
the entire field of biological waste 
treatment. The series records the proceedings 
of the Waste Treatment Conferences held at 
Manhattan College. 

Volume 1, entitled Aerobie Oxidation, con 
tains 33 papers contributed by recognized au- 
thorities and arranged in logical sequence. 

Volume 2 reviews the entire field of an- 
aerobic treatment, sedimentation and flotation, 
vacuum filtration and sludge conditioning. 

Future Manhattan College conferences on 
waste treatment will appear in subsequent vol- 
limes, 


These are 


covering 
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PROFESSIONAL 
OPPORTUNITY 


The Department of Sanitary Engi- 


neering of the District of Columbia 
is accepting applications for the posi- 


tions of Sewage Treatment Plant 
Shift Superintendents. 
Desired qualifications include col- 


lege degree in sanitary or civil engi- 
neering and previous experience in 
sewage 
The starting salaries for these posi- 
tions are $4,490 to $7,510, depending 
on experience. 


treatment plant operation. 


This is a Civil Service position as 


a Shift Superintendent in a high-rate 
activated sludge treatment plant of a 
design capacity of 290 mgd. 
include paid annual leave and_ sick 
leave, group insurance, retirement and 
other employee benefits. 


Benefits 


Those interested may send a com- 


plete summary of edueation, experi- 
ence and personal data to Mr. Hugl 
A. Schreiber, Superintendent, D. C. 
Sewage Treatment Plant, 5000 Over- 
look Avenue, S. W., Washington 24, 
D. C. 


Covers newest methods for chemists, engineers, 


Free 
Examination 
Order 
Form 
MAIL THIS 
COUPON TODAY! 
| REINHOLD PUBLISHING 
| CORPORATION 
Dept. M-434, 430 Park Avenue, 
| New York 22, N. Y. 
Send me the yvolume(s) of Bio 
| LogteaL TREATMENT OF SEWAGE AND 
| INDUSTRIAL Wastes | have checked be 
low for 10 days’ Free Examination. In 
1 10 days, I will either return the book(s) 
| and owe nothing, or will send you full 
| price plus postage. 
| © VOLUME 1, $10.00 0 VOLUME 2, $11.50 
| 
CITY & ZONE... . STATE... 
| SAVE MONEY: You save shipping 
| charges by enclosing payment with 
order, Same return privilege, refund 
guaranteed. Please include 39 sales 
tax on N.Y.C. orders. Do not enclose 
cash ! 
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SEWAGE AND INDUSTRIAL WASTES 


perature changes. 


liners are furnished in two sections. 


PARSHALL FLUME LINERS 
FABRICATED FROM 


Chemstone flume liners are made of asbestos cement material impregnated 
with a special asphaltic compound under pressure. It will withstand shock, 
vibration and is impervious to most acids, alkaline solutions and rapid tem- 


Saves many hours of building forms for concrete pouring and is accurate 
within plus or minus 1/16‘. Flume liners with throats 3’ to 18" are furnished 


completely assembled for quick, easy installation. For throats 18" to 96” the 


Write today for further details and specifications. 


FILTRATION EQUIPMENT CORPORATION 
273 HOLLENBECK STREET - ROCHESTER, NEW YORK 


“CHEMSTONE” 


eal power and electrical hazards in 
Nebraska treatment plants; 
vacuum filters; the effect of industrial 
wastes on small treatment 
and the status of the two-day 
operators’ short course. 

At the annual dinner Federation 
Secretary, Ralph Fuhrman, presented 
the Hatfield Award to Loren Brannen, 
Operator, Treatment Plant, 
Central City, Nebr., in recognition of 
outstanding plant operation. The 
Bedell Award for extraordinary serv- 
the Association went to V. J. 
Lechtenberg, Chicago Pump Co., 
Omaha, Nebr. 

New officers 
are: 
President: Harold Hoskins, Lincoln. 
Vice-President: Loren Brannen, 

tral City. 

Director: T. A. Fillipi, Lincoln. 

Secretary-Treasurer: V. J. 
berg, Omaha, 

V. J. LECHTENBERG 

Secretary-Treasurer 


sewage 


sewage 


plants ; 


Sewage 


ice to 


for the year 1958-59 


Cen- 


Lechten- 


Manufacturers Since 1885 


Many Cities are now looking into their 
health program, including their Disposal 
Treatment Plants and are making 
great strides for future generations. 


Here you see 

MULTIPLE UNIT INSTALLATION 
Three Gruendler Sewage Screening Shredders, Grand 
Rapids, Michigan. Visita nearby Sewage Works and see 
a Gruendler Shredder perform. (Locations on Request). 
Commendable praise must be given everywhere to Con- 


sultants and Engineers for their a 
in prolonging the lifespan of citizens in these United States. 


Write for illustrated Catalog SG-10 


GRUENDLER CRUSHER 
and PULVERIZER CO. 
Dept. SIW-359, 2915 N. Market St., St. Louis 6, Mo. 
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Equipment and Supply Lines 


Millipore Filters—A 16-page bro- 
chure is available deseribing basic 
characteristics, analytical techniques, 
laboratory apparatus, field apparatus, 
and process applications of the milli- 
pore filters ——Millipore Filter Corp., 
36 Pleasant St., Watertown 72, Mass. 

Pumps—An 8&-page bulletin de- 
scribes a new line of general purpose, 
end suction pumps.—Aurora Pump 
Div., The New York Air Brake Co., 
Aurora, Ill. 

Valves—Rubber or Saran lined 
cheek valves are described for use in 
the pulp and paper and chemical in- 
dustries where protection afforded by 
these liners is desirable for wastes 
handling.—Bulletin 11-W, Golden-An- 
derson Valve Specialty Co., 1248 Ridge 
Ave., Pittsburgh 33, Pa. 

Cast Iron Joints—A brochure de- 
‘*Fastite,’’ a double-sealing, 
single gasket type joint for cast iron 
pipe-—American Cast Iron Pipe Co., 
Birmingham 2, Ala. 

Level Control—A level control for 
the detection of liquid, solid, and 
slurry high or low point is available. 
Control is obtained from utilization of 
an electrical output signal that varies 
with the amount of immersion of a 
vibrating paddle.—Automation Prod- 
ucts, Inc., 3030 Max Roy St., Houston 
24, Texas. 

Flocculation—Bulletin 315-51 de- 
scribes flocculation equipment avail- 
able from Chain Belt Co., Milwaukee 
1, Wis. 

Valve Lubrication—A new high- 
pressure hand gun for lubrication of 
plug valves is offered (Bulletin V- 
608) from Meter and Valve Division, 
Rockwell Manufacturing Co., 400 N. 
Lexington Ave., Pittsburgh 8, Pa. 


scribes 


Hose Nipples—For low-volume 
wastes causing corrosion problems, 


stainless steel hose nipples are avail- 
able from Band-it Co., 4777 Dahlia 
St., Denver, Colo. 


R. I. 


Flow Rate Alarms—Fluid flow rate 
alarms for signalling or simple con- 
trol functions, either magnetie or elee- 
tronic types, are available for use with 


rotameters.—Bulletin 165, Brooks 
Rotameter Co., Lansdale, Pa. 

Solids Classification—A _ revised 
catalog covering classifiers, hydro- 


separators, washers, and heavy media 
separators is available—Bulletin 39- 
C, Hardinge Co., Ine., York, Pa. 


Salt Separation—An electro dia- 
lyser, called ‘‘Webeell,’’ designed for 
pilot plant, laboratory, or instruction 
is available and provides data on the 
separation of soluble salts from so- 
lution by using ion selective mem- 
branes in an electrical field —Dept. 
101, Brosites Machine Co., 50 Church 
St., New York 7, N. Y. 


Laboratory Fume Hoods—A newly 
designed exhaust hood utilizes im- 
proved design which allows smooth ad- 
mission of air, bypass unit, and other 
features—Fisher Scientifie Co., 419 
Fisher Bldg., Pittsburgh 19, Pa. 


Control Valves—Three-way control 
valves, both single- and double-seated 
designs, for mixing or diverting serv- 
ice are described in Specification 
$810-16 from Minneapolis-Honeywell 
Regulator Co., Valve Division, Fort 
Washington, Pa. 

Positive Blowers—Increased  ca- 
pacity ratings are announced for type 
AF rotary positive blowers and type 
XA rotary positive gas pumps, made 
possible by design refinements allowing 
higher operating speeds.—Roots-Con- 
nersville Blower, Connersville, Ind. 


Instrumentation—An 8-page bulle- 
tin describes how telemeters enable 
users to observe and record the opera- 
tion of widely scattered meters at a 
central location from any distance. 
Bulletin 230-P4, Builders-Providence, 
Inc., 345 Harris Ave., Providence 1, 
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SEWAGE AND INDUSTRIAL WASTES 


DIRECTORY OF ENGINEERS 


(Continued through page 169%a) 


ALBRIGHT & FRIEL, INC. 
CONSULTING ENGINEERS 


Water. Sewage, Industrial Wastes and Incineration Problems 
City Planning, Highways, Bridges and Airports 
Dams, Flood Control, Industria! Buildings 
Investigations, Reports, Appraisals and Rates 


THREE PENN CENTER PLAZA 
PHILADELPHIA 2, PA, 


ALVORD, BURDICK & HOWSON 
Engineers 
Charles B. Burdick Louis R. Howson 
Donald H. Maxwell 


Water Works, 
Flood Relief, 
Disposal, 


Water Purification, 

Sewerage, Sewage 

Drainage, Appraisals, 
Power Generation 


Civic Opera Building Chicago 


ANDERSQN- ~NICHOLS 
GCompany 


Consulting Engineers 
Water Supply, Distribution and Treatment, In- 
dustria] Waste Treatment, Sewage Collection and 
Disposal, Refuse Collection and Disposal, Drain- 
age, Highways and Bridges 


Concord, N. H. Boston 14 Baltimore, Md. 


JOHN J. BAFFA 
Consulting Engineer 


Sewerage & Sewage Treatment 
Industrial Wastes Treatment 
Design Plans & Specifications 
Investigations & Rate Studies 


75 West Street New York 6, N. Y. 


MICHAEL BAKER, JR., Inc. 
Consulting Engineers 
Civil Engineers, Planners, and Surveyors 
Municipal Engineers — Airport Design —Sewage Disposal 
Systems— Water Works Design and Operation— Surveys 
and Maps—City Planning—Highway Design—Construc- 
tion Surveye—Pipe Line Surveys 
Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 


Water Supplies 
Sewer Systems 


Water Treatment 
Sewage Treatment 
Industrial Waste Treatment 

Investigations 


P. O. Box 166 Crystal Lake, Illinois 


THOMAS W. BEAK 
Consulting Biologist 


Pollution Studies 

Stream and Lake Surveys 
Toxicity Tests 

Biological and Chemica! Analyses 


Ambherst View, Collins Bay, Kingston, 
Ontario, Canada 


HOWARD K. BELL 


Consulting Engineers 


G. 8. Bett 


C. GAITHER J. K. Laraam 


Finney, Jr. 

Sewerage Water Works 
Sewage Treatment Water Purification 
Refuse Disposal Swimming Pools 
Industrial Wastes 
553 S. LIMESTONE ST., LEXINGTON, KY. 


BETZ LABORATORIES, INC. 


Consulting Engineers 
Industrial Waste 
Industrial Water 
Analysis Design 
Investigations Operation 
Gillingham & Worth Sts. Philadelphia 24, Pa 


BIOLOGICAL CONSULTANTS 
D. 5. Reish 3. L. Barnard G. F. Jones 

Marine and Freshwater Biological Suroeys 
Pollution Studies—effecte of sewage and 

industrial wastee—outfall monitoring, 
Marine fouling and wood borer studies, 
and toxicity testa, 

. General economic oceanography. 


1471 Campus Rd., Los Angeles 42, California 


It pays to secure competent and experienced engineering advice! 
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ENGINEERS 


BLACK & VEATCH 


Consulting Engineers 


Sewage - Water - Electricity - Industry 
Reports, Design, Supervision 
of Construction, Investigations, 


Valuation and Rates 


1500 Meadow Lake Parkway 


Kansas City 14, Mo. 


BOGERT AND CHILDS 
Consulting Engineers 

L, BocertT Frep 8. CHILDS 

Ivan L. BOGERT DoNnaLp M. DITMARS 
Ropert A. LINCOLN CHARLES A. MANGANARO 

WILLIAM MARTIN 

Water & Sewage Works Refuse Disposal 
Drainage Flood Control 
Highways and Bridges Airfields 


Street, York 16, 


145 East 32nd 


New N. Y. 


Se 


75 West Street 


BOWE, ALBERTSON & ASSOCIATES 


Engineers 


wage and Water Works—Industrial 
astes—Refuse Disposal—Municipal 
Projects—Industrial Buildings—Reporte— 
ns—Specifications—Supervision of 


Construction and Operation— 
Valuations— Laboratory Service 


New York 6, N. Y. 


BOYLE ENGINEERING 
Consulting Engineers 
Water — Sewers — Streets 
Structures — Surveys 
Reports—Special Districts 


3913 Ohio, Rm. 200 
San Diego 4, Calif. 


331 Spurgeon Bidg. 
Santa Ana, Calif. 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 


m te... 
Sewage and Industrial Wastes 


the 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 


WATER - SEWAGE - INDUSTRIAL WASTE 
CONSULTATION - DESIGN - OPERATION 
CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET 


SAN FRANCISCO 3 


508 TENTH STREET 


BROWN ENGINEERING CO. 


Consulting Engineers 
Water and Sewage Works 


Industrial Waste Control and Treatment 


Laboratory Services 


FLOYD G. BROWNE AND ASSOCIATES 


F. G. Browne 8. W. Kuhner 
W. G. Smiley C. R. Martin 
G. M. Hinkamp W. H. Kuhn 


Consulting Engineers 
Water - Sewage - Industrial Wastes - Power 
eports, Designs, Construction 
Supervision, Investigations, 
Laboratory 


123-125 W. Church Street Marion, Ohio 


BUCK, SEIFERT AND JOST 


Consulting Engineers 


Specializing in Sewerage and Sewage Disposal, 
Water Supply and Water Purification, 


Valuations and Reports 


Chemical and Biological Laboratories 
112 East 19th Street 


New York 3, N. ¥. 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


2015 W. 


BURGESS & NIPLE 
Civil and Sanitary Engineers 


Established 1908 


Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


Columbus 12, Ohio 


Fifth Ave. 


Take advantage of the services 


of these outstanding consultants! 
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BURNS & McDONNELL 


Engineers - Architects - Consultants 


KANSAS CITY, MO. 
P.O. Box 7088 


Phone: DElmar 3-4375 


DIRECTORY OF 
ENGINEERS 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 
‘lood Control 


6 Beacon St. Boston 8, Mass. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 


Designs and Surveys Roads and Streets 
Planning Airports 
Bridges Dams 


Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage Treatment 
Industrial Waste Disposal and Recovery 
Power Plants—Incineration—Gas Systems 
Valuations— Rates-Management 
Laboratory 


601 Suismon St., Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 
Engineers ~ Architects 
Municipal Industrial 

Commercial 
220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply—Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—-Light 
and Power Plants. Appraisals. 


360 East Grand Ave. Chicago 11, Ill. 


CONSULTING BIOLOGISTS 
Thomas Dolan Charles B. Wurtz 
Freshwater and Marine Pollution Surveys 

Biological Surveys of Sewage and 

Industrial Wastes 
Effects of Pollution 
Self-Purification Capacity Studies 
Analyses, Chemical and Bacteriological 
Bioassays 
Investigations and Reports 
610 Commercial Trust Bldg. 
Philadelphia 2, Pa. 


Damon & Foster 


Consulting Ctotl Engineers and 
Surveyors 
Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


ONLY $66 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


Your firm should be 
listed here 


the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 
ment. 


CATHODIC PROTECTION 


Engineering—Surveys—Design— 
Installation 


Electro Rust-Proofing Corp. 
A Subsidiary of Wallace & Tiernan, Incorporated 
Belleville 9, New Jersey 


It pays to secure competent and experienced engineering advice! 
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ROY B. EVERSON 


Sewage and industrial wastes treatment, city 

water purification, and complete swimming pool 

systems— Filtration Experience since 1900 
Valuations — Reports— Research— Development 


207 W. Huron St., Chicago 10, I. 
SUperior 7-3339 


FAY, SPOFFORD & THORNDIKE, INC. 
ENGINEERS 


Sewage Treatment—Sewerage and Drainage Systems 
Water Supply and Distribution—Incinerators 
Airports—Bridges—Express Highways—Port and 
lerminal Works—lIndustrial Buildings 


BOSTON 8, MASSACHUSETTS 


ONLY $66 PER YEAR 


is the cost of a professional listing 


in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


FINKBEINER, PETTIS & STROUT 


CarveTon 8. Finkserner CnHarves E, Pettis 
Harovp K. Strout 


Consulting Engineers 
Water Supply. Water Treatment, Sewerage, 
Sewage Treatment, Wastes Treatment, 
Bridges, Highways & Expressways 


2130 Madison Avenue Toledo 2, Ohio 


FREESE & NICHOLS 
FORT WORTH, TEXAS 


FREESE, NICHOLS, TURNER & COLLIE 
HOUSTON, TEXA 


Industrial and Municipal Engineering— 
Water Supply and Purification—Sewerage 
and Industrial Waste Treatment-—High 
ways and Structures--Dams-——Drainage 
Works — Airports—- Investigations— Valua- 
tion—-Design and Supervision 


FROMHERZ ENGINEERS 
Structural - Civil - Municipal 
Four Generations Since 1867 

Water Supply; Sewerage; Structures; 

Drainage; Foundations 
Industrial Waste Disposal 
Investigations; Reports; Plans and 
Specifications ; Supervision 


816 Howard Avenue New Orleans 12, La. 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Dams, Water Works, Sewage, Industrial Wastes & Gar- 
bage Disposa!, Highways, Bridges & Airports, Traffic & 
Parking— Appraisals, Investigations & Reports. 
HARRISBURG, PENNA. 


Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fla. 


CONSULTING ENGINEERS! 
If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
the... 


Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


P.O. Box 1498 


New York READING, PA. Washington 


GREELEY & HANSEN 
Engineers 
Pau! Hansen (1920-1944) 
Kenneth V. Hill 
Samuel M. Clarke 


Samuel A. Greeley 
Paul E. Langdon 
Thomas M. Niles 


Water Supply. Water Purification 
Flood Control, Drainage, Refuse Disposal 
Sewerage, Sewage Treatment 


220 S. State Street, Chicago 4 


FRANK E. HARLEY AND ASSOCIATES 
Consulting Engineers 
Sewerage and Sewage Treatment 


Water Supply and Purification 
Industrial Wastes and Garbage Disposal 


Municipal Improvements 
Surveys 
Design, Supervision and Operation 


260 Godwin Avenue Wyckoff, N. J. 


own Planning 


Take advantage of the services of these outstanding consultants! 
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HARRIS-DECHANT ASSOCIATES 
Frederick H. Dechant Consulting Engineer 


Water Works, Industrial Wastes, Sewerage, 
Recovery Processes, Hydraulic Works, 
Natural Gas Transmission and Distribution. 


123 S. Broad St. Philadelphia 9, Pa. 


DIRECTORY OF 
ENGINEERS 


HASKINS, RIDDLE & SHARP 
Consulting Engineers 


Water—Sewage & Industrial Wastes— Hydraulics 
Reports, Design, Supervision of Construction 


Appraisals, Valuations, Rate Studies 


1009 Baltimore Ave. 


Kansas City 5, Mo. 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


HAVENS AND EMERSON 
4. A. Burger H. H. Moseley 
J. W. Avery F. S. Palocsay 
E. S. Ordway G. H. Abplanalp 
A. M. Mock S. H. Sutton 
Frank C. Tolles, Consultant 
Consulting Engineers 
WATER, SEWERAGE, GARBAGE, INDUSTRIAL 
WASTES, VALUATIONS—LABORATORIES 
Leader Bldg. Woolworth Bldg. 
Cleveland 14, O. New York 7, N. ¥. 


HAZEN AND SAWYER 
ENGINEERS 
W. Sawyer 


Ricaarp Hazen 
H. E. He DSON, Jn. 


Water and Sewage Works 
Industrial Waste Disposal 
Drainage and Flood Control 


122 East 42nd St. 3333 Book Bullding 
New York 17, N. Y. Detroit 26, Mich. 


HENNINGSON, DURHAM 
& RICHARDSON, INC. 


Consulting Engineers and Architects since 1917 
for more than 700 cities and towns 


Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals, 
Drainage, Industrial Works 


2962 Harney St. Omaha 2, Nebraska 


HORNER & SHIFRIN 
Consulting Engineers 
E. E. Bross V. C. Liscuer 
Airports, Sewerage & Drainage, Hydrology, 
Sewage Treatment, Industrial Waste Treatment, 
Water Supply & Treatment, Paving, Structures, 
Industry Engineering Services 


1221 Locust Street St. Louis 3, Mo. 


GRIT AND HEAVY SLUDGE REMOVAL 
CONCRETE RESTORATION 
SEWAGE AND WATER WORKS 


HUDSON-RUMSEY CO., INC. 


Professional Engineers 


1679 Niagara St. 
Buffalo 7, N. Y. 


CONSULTING ENGINEERS! 
If you specialize in sewage and indus 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the 

Official Professional Journal of the 

Sewage and Industrial Wastes Field! 


WILLIAM T. INGRAM 
Conaulting Engineer 
Sanitary and Public Health Engineering 
Planning Design — Research —Water 
Sewage—-Refuse-—Industrial Wastes 
Air Pollution Control-—Industrial Health 


20 Point Crescent, Whitestone 57, N. Y. 


It pays to secure competent and 


experienced engineering advice! 


4 
2 
3 
3 
: 
: 
Hing 
: 
= 
: 
5 


SEWAGE AND INDUSTRIAL WASTES 


DIRECTORY OF 
ENGINEERS 


The Jennings-Lawrence Co. 
Civil and Municipal Engineers 
Consultants 
Water Supply, Treatment & Distribution 


Sewers & Sewage Treatment 
Reports— Design—Construction 


1392 King Ave. Columbus 12, Ohio 


JONES, HENRY & WILLIAMS 
Consulting Sanitary Engineers 


Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


ONLY $66 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


KAIGHIN AND HUGHES 
ENGINEERS 
INDUSTRIAL WASTES DIVISION 
E. B. BESSELIEVRE, 

STUDY - DESIGN - EQUIPMENT - CONSTRUCTION 
Toledo 1, Ohio 


1080 Atlantic Ave. 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 


Water Supply and Purification, Sewerage and 
Sewage Treatment, Garbage and Refuse 
Disposal and Incineration, Industrial 
Buildings. 


TROY, NEW YORK 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 
offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., SAN FRANCISCO 56 


MORRIS KNOWLES Inc. 


Engineers 


Water Supply and Purification, Sewer- 
age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1312 Park Bldg. Pittsburgh 22, Pa. 


KOEBIG AND KOEBIG 


Consulting Engineers Since 1910 
Investigations, Reports, Designs 
Sewerage & Sewage Treatment 

Water Supply & Water Treatment 
Municipal Engineering 


3242 West 8th Street, Los Angeles 5, Calif. 


LANNING 
Sanitary Engineering Co., Inc. 
Consulting Engineers 
Water, Sewage, Drainage, and Industrial Wastes 


Reports, Designs, Supervision 
Of Construction and Operation 


Chemical & Biological Laboratory 
1100 South Broad St. 


Trenton, N. J. 


Wm. S. Lozier Co. 
Consulting Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 


Rochester, 4, N. Y. 


10 Gibbs Street 


GEORGE B. MEBUS, Inc. 
Consulting Engineers 
Water Supply Sewage Treatment 

Industrial Waste Treatment 


BROAD STREET TRUST BUILDING 
GLENSIDE, PA. 


Take advantage of the services of these outstanding consultants! 
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SEWAGE AND 


INDUSTRIAL WASTES 


METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 
Laboratory Valuations 
Airports 


Statler Building 
Boston 16 


DIRECTORY OF 
ENGINEERS 


Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers 
SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION— DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 
327 Franklin St., Buffalo, N. Y. 

500 Fifth Ave., New York 36, N. Y. 


PARSONS, BRINCKERHOFF, 
HALL & MACDONALD 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems 


Structural Power — Transportation 


165 Broadway New York 6, N.Y. 


Your firm should be 
listed here 
the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 
ment. 


PIATT & DAVIS 
AND ASSOCIATES 
P. D. DAVIS W. M. PIATT, Ill 
Consulting, Designing, and Supervising Engineers 
Water Works, Sanitary Sewers, Water Purification 
Sewage Treatment, Streets, Power Plants 
Electrical Distribution, Reports and Appraisals 


One Eleven Corcoran St. Bidg. Durham, N. C. 


MALCOLM PIRNIE ENGINEERS 


Civil and Sanitary Engineers 
Malcolm Pirnie Ernest W. Whitlock 
Robert D. Mitchell Carl A. Arenander 
Malcolm Pirnie, Jr. 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 


25 West 43rd Street New York 36, N. Y. 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 
& Reports; Design; Supervision of 
Construction & Operation 


Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


RESOURCES RESEARCH, INC. 


Municipal and Industrial Air Pollution Control, 
Water Supply, Sewage Disposal, Public Health 
Reports, Investigations, Research 


Louis C. McCase, Pres. 


1246 Taylor St., N.W. Washington 11, D. C. 


THOMAS M. RIDDICK 


Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment 
Laboratories for Chemical and Bacteriological 
Analyses 


369 E. 149th St. New York 55, N.Y. 


RIPPLE AND HOWE, Inc. 
Consulting Engineers 
O. J. Ripete V. A. VASEEN B. V. Howe 
isals—Reports 
Supervision 
Water Work Filtration and Softening 
Plants, Reser ind Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 


833-35 Twenty-Third St. Denver 5, Colorado 


It pays to secure competent and experienced engineering advice! 
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SEWAGE AND INDUSTRIAL WASTES 


DIRECTORY OF 
ENGINEERS 


RUSSELL AND AXON 
Consulting Engineers 
Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 
408 Olive St., 
St. Louis 2, Mo. 


Municipal Airport 
Daytona Beach, Fla. 


SERVIS, VAN DOREN & HAZARD 
Engineers-Architects 
Investigations - Design - Supervision of 
Construction - Appraisals 
Water - Sewage - Streets - Expressways - Highways 
Bridges - Foundations - Airports - Flood Control 
Drainage - Aerial Surveys -Site Planning -Urban 
Subdivisions -Industrial Facilities -Electrical 
Mechanical 


2910 Topeka Blvd. Topeka, Kansas 


SMITH and GILLESPIE 
Consulting Engineers 
All types of 
Municipal Public Works & 
Utilities 


Complete Services 


P. O. Box 1048, Jacksonville, Fla. 


STANLEY 
ENGINEERING COMPANY 


Consulting Engineers 


Hershey Building 208 S. LaSalle Street 
Muscatine, lowa Chicago 4, Illinois 
1154 Hanna Building 
Cleveland 15, Ohio 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 
Water Supply—Sewerage—Waste Disposal 
Bridges—Highways—Industrial Buildings 
Studies—Surveys—Reports 


245 N. High St. Columbus 15, Ohio 


J. STEPHEN WATKINS 
J. S. Watkins G. R. Watkins 
CONSULTING ENGINEERS 
Municipal and Industrial Engineering, Water 
Supply and Purification, Sewerage and Sewage 
Treatment, Highways and Structures, Reports, 
Investigations and Rate Structures. 
251 East High Stpest Lexington, Kentucky 
granch Office 
726 Preston Highway Louisville, Kentucky 


ROY F. WESTON, INC. 
Engineers—Biologists—Chemists 


Industrial Wastes 
Stream Pollution—Air Pollution 
ater—Sewage 
Surveys—Research— Development — Process 
Engineering — Plans and Specifications — 
Operation Supervision — Analyses — valua- 
tions and Reports 


Newtown Square Pennsylvania 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply Water Purification 
Corrosion Control 
Sewerage, Sewage and Industrial 

Wastes Treatment 

Stream Pollution Studies 

Supervision, Valuation 

Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewerage, Sewage Disposal, Municipal and In- 

dustrial Development Problems, Water Supply, 

Water Purification, Water Front Improvements, 

Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


Your firm should be 
listed here 


... the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial 
wastes treatment. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 
Civil — Sanitary — Structural 
Mechanical — Electrical 
Reports, Plans, Supervision, Appraisals 


1304 St. Paul Street Baltimore 2, Maryland 


Take advantage of the services of these outstanding consultants! 
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SEWAGE AND INDUSTRIAL WASTES 


FSIWA PUBLICATIONS 


MANUALS OF SEWAGE AND INDUS- 
TRIAL WASTES PRACTICE 


Manual Price to Price to 
Number Title Members* Non-Members* 


1 Safety in Wastewater Works............ $0.75 $1.50 
2 Utilization of Sewage Sludge as Fertilizer. $0.75 $1.25 
Municipal Sewer Ordinances. . $0.50 $1.00 


Chlorination of Sewage and Industrial 
Wastes....... . $1.00 $1.25 


Air Diffusion in Sewage Works....... $1.00 $1.25 


Units of Expression for Wastes and Waste 
Treatment ... $0.25 $0.50 


Multiple wire binder for above manuals... $2.00 $2.00 


Sewage Treatment Plant Design. $3.50 $7.00 


Uniform System of Accounts for Sewer 
Utilities (mimeographed)...... $5.00 $5.00 


* Discount of 15% on orders for 12 or more copies of any one manual, 


OTHER FEDERATION PUBLICATIONS 


SEWAGE WORKS JOURNAL INDEX, Volumes 1-20, 1928-1948, 
buckram, $4.50. 


Glossary—-Water and Sewage Control Engineering, paper cover, $1.00. 


Order manuals by number. When remittance accompanies order, 
postage is prepaid. If an invoice is necessary, postage will be added. 
Checks may be made payable to FSIWA. 


FEDERATION OF SEWAGE AND INDUSTRIAL 
WASTES ASSOCIATIONS 
4435 Wisconsin Avenue, Washington 16, D. C. 
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Homestead Lubricated Plug Valves controlling digested sludge to vacuum filters. 


Sewage plants make important savings in 
maintenance costs with Homestead Valves 


Pump overloading resulting from re- 
stricted port area valves is eliminated 
by the 100°% pipe area of Homestead 
Lubricated Plug Valves. 

This, coupled with Homestead’s 
controlled pressurized lubrication and 
positive chemical seal, results in years 


of trouble-free, low cost service. 
Write today for complete information 
on how Homestead Valves can help 
you achieve lower maintenance costs. 


Please send me catalog on Homestead Lubricated 
Plug Valves. We are interested in this specific 
application: 


HOMESTEAD VALVE MANUFACTURING COMPANY 
P.O. Box 48 @ Coraopolis, Pennsylvania 


Name 


: 
: 
1 
4 
2 


LOCK JOINT ROLLER SUSPENSION PIPE with the 
FLEXIBLE JOINT RUBBER GASKET is the ideal 
answer to installations requiring highest quality 
sewer or culvert pipe and maximum protection 
against ground water infiltration. 


This pipe, produced in diameters from 12” to 72” 
and in standard lengths of eight feet is manu- 
factured by an unique process which develops 
unusually strong, dense concrete, highly resistant 
to abrasion. Its joint ends, of almost machined 
accuracy, are particularly adaptable to the Lock 
Joint Flexible Joint Rubber Gasket. 


This gasket gives effective relief from infiltration 
into the pipeline and permits the joint to be opened 
up to %4” without endangering its tightness. This 
feature alone adds considerably to the ease and 
speed with which the line can be installed. 


The ‘Flexible Joint’’ gasket permits ample deflec- 
tion to accommodate normal ground settlement. 


Lock Joint also produces conventional machine 
made and cast concrete sewer and culvert pipe 
ranging from 6” to 120” and upward in diameter. 
All Lock Joint Pipe may be designed to comply with 
A.S.T.M., state highway or individual specifications. 


LOCK JOINT PIPE CO. 


East Orange, New Jersey 


Sewer and Culvert Pipe Plants: 


Kenilworth, New Jersey 
Hartford, Connecticut 

New Haven, Connecticut 
OL leh 


Valley Park, Missouri 
N. Kansas City, Missouri 
Tulsa, Oklahoma 


Cheyenne, Wyoming 
Casper, Wyoming 
Tucumcari, New Mexico 


Beloit, Wisconsin 
Chicago, Illinois 
Rock Island, Illinois 


Wichita, Kansas 
Denver, Colorado 


City, Oklah Hato Rey, Puerto Rico 
Ponce, Puerto Rico 


Caracas, Venezuela 


Also Great Lakes Concrete Pipe Company with plants at Buffalo, N. Y. and Henrietta, N. Y. 


LANCASTER PRESS, INC., 


LANCASTER, PA. 
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Lots of jobs are done better automatically. Chang- 
ing chlorine feed rate is now one of them. With 
the V-notch...the straight line metering action 
of the plug through the ring makes automation 
simple. 


Merely by adding, not adapting, a W&T V-notch 
Chlorinator can give you any degree of automatic 
control you want—step rate, start-stop, program, 
proportional, even residual control. 


With a V-notch Chlorinator any signal from any 
primary metering device can control chlorine 
feed. So anyone can afford automation. 


And, of course, the right plastics make the whole 
chlorinator chlorine-proof. 


A booklet, “The V-notch 
Story” will tell you about all 
the W&T V-notch Chlori- 
nator features. For your 
copy write Dept. S-135.84. 


WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET, GELLEVILLE 9, NEW JERSEY 


j 


